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I t im ifil^ gfmt jjUmmm ttmt I takt tills ovpovtwity 
of «3q^yi««li« «gr tliwaies to Dr« it» Itolii f«M»«i nadtv tiiioi^ 
mn^sxfimUA tkAm voUc tun Tamn oi^nitdi cmt* 
flssiAoi ftiv dtto to tmf* Shell MMlslioed AlSBt lloft^ 
BtlMrfeniiit of gooio«qr fov pifotidliiff asooMavsr IfttesAtotf^ r 
faoit i t tMt 
X ie evatof&Ot to 0*s*t*E* fbr pxevidbU^ r a |t«ii|ov 
ana t«t«r 8«ttior aMMmii 9«I1OM»III9 iMoli misiaed tm to 
oontiano t]M«« stiiStM* 
t 9m flloo tbAiilef^ to tOX my twimuSB naS oc^Mcnot 
foif tholr Idaai 11419 &sHm tills woiic* 
t • 
n» x i r f a o B t r o f i o H 
k lot of woflc hm l^ wm 6&tm oa tiMi onlnqneloiQr of nmmnH 
Gvmm of iasoots* Aaoog M^mofp^mm mostly tlie iM^ iiiTlHso bea 
%o«ii a aut^oet of viao invatitSic&tSoiiB* stimetaaNI vosioi en f^ 
w&TphoitMgy^ OAla^Xosr (ftud Botasoxi^bosts aara aSLxoadtjr oa vaeovi* 
Bttt t)i» loiiaif p^saae^ ptaxiRf j^ avtiotaaxStsr tlia fmi^ UUr 
9»i^ bsiai2iiaiH>« aoiqpflalaff a asrmi^  of taaoata piHtaitiTa in 
ms^OBimon ta tim M^trnw ^fiaaoptava ai!» xala^i^ly S.aaa 
v@timami^9<U Baeaal wofle oa tlia mvpimtsm &^ imtsr^otmsy of 
» 
ILt^li^ l^ ll>y^ l^  !C2,«@» atiaasjelad ialavaot ia i ^ paataate^^ala 
aavatopBoat aaa i t m9 IbimA aaalmMa to voik out tMa jpavt 
i a ^tal3. ao aa 'to pmvtm m SliUar aeeonat «f tlila apooiaa 
ttm eoa^aariaoa vil^ tha Mgliav f^naa of flEyniaoptasa aadi atliar 
iaaaeta* fba pzaaaat woiict i t ia topaOt voaia go a ioas nay 
i a prayrt0Am iafomatioa alioat (i> atxaotayaa f^ethat oxifiiaata 
i a tlia aaibKTo aaa am paaaad aa ta tba taxva aa4 tliaiv aateataaat 
vitlidxaia aaaaaatiaff fay tbair alaaaaa i a tha y^pa ev iaage* 
( i i ) aaali wityoaia atmataxaa %Asl^ aaiaiio ataav aitaxvliaaa 
daiias tiaaaitlaa ^laamli iawai pn^A iaataia aatf ava aanrtai 
avar ta fova aaYvaayoaftias tiaaaaa ia tha ad«Lt» CitD 9»oh 
ItamA tiaaaaa tliat aya paitiaiiy aaatvayad Igp liiatotjaia aadi 
tha a«ilt tSaaaa yap]»aa4i W hiatataaiaia tl^ atvaataiaa that 
axa pmmtf Mlnyoaia ia aatuva aaa aia iaat aithar ^aoAm 
•liSM of tnlffi^a &t maeimm tfluigm vmm mm0i$ wvaii&li* ^o 
ptm^B^ Wm wMt^ eM mm^ae^ wM^h mm Mi^ sisr px^«3w»€# 
•t@it# i»fiii iMiiflry At^ie^ mm mmmXf tatlmmd 1^ uteMlldii 
of l«p«a9 1» i^ft m&$«MJi^m ftil.i»# lQ3idz%g ^ i9 eo«xiw of 
i»v«i%ti^tloi2i i t ym» notod ttmt i^© f irst tii»t@r imnm 
m&n mi^m ^ t^otiiiig^ s t w t i f^s^liit on tlio liimt pSisii^ ^^ d^yi 
foeS ^&im "f&M^ iifftomit f3Po« l^i0 ^m^eii^Mm o» iMi^ ^ 1^9 
•Ai^ r^o ittilisl«^« ft mm mMetp&^&. l ^ t vaiitii ^btmm ef 
fo#a ]bttMt» i» tiMmtf to fiffMt t ^ Mstoiog^ena fm^mm% of 
tilt «lt8Mi]ilax3p mxm&, cpttliaiF tiso iM^vslivon* 8^d^ of m^ 
tttwuttt IMS i^mdi to I* of t^^B^tgmmtt 9M ooao fo in^ of 
mmmm^om mm eoyiwlntod irttli ttm 9tmam of f«9^ of tlw 
f«o«»liir li«^i»4 liftxvft on th$ oaao liini ftufi 'iNi m^sHt om ^ o 
otltor* 
flio ^ i « ^ a t f«p«i inotMP i» ^10 mmt of eoasi^toyilbto 
ftoxspoaisctioiiiai ofitiittir maA eimmim in ^M HOWOINI oiitiii 
%Tm dovolepwHst of ^M oeovoiuid ^srtst ifiasiy %od|r 
iui< i«l«l«d i^ NilflLoMi HOI* mm into la ittvlio* 
t» M f l ^ i l ^ l^tnts of intamiit «oiitfttii»tf in 0OM taptt?tattt 
t toai l t9zn9 hKvo iMwti vm^H m^/u^ft^Vf A ^ <»i^ ni ^^^"^ ^*9m tiAc«a 
Ika «iotd ooadhitiae tesaliioleir «• ^iv * • 90MiiHo» 
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The larvae of Mistard sawfly. At ha l l a t)ix)xlma Klug, are 
abundantly found In the post-nonsoon months on radish and 
mustard p l a n t s , Theae were col lec ted from the f i e ld during 
the month of September and were brought to labora tory for 
r ea r ing a t room temperatuira. per iod ic shedding and power 
f a i l u r e caused v a r i a t i o n in tei!5)erature of the constant 
temperature room. I t vas , the re fore , decided to r ea r these 
la rvae a t room temperature. In the course of rea r ing i t was 
observed tha t the l a r v a l durat ion shows some v a r i a t i o n a t 
room tenderature whereas the l i f e within the cocoon was only 
marginally affected ( i 5 or 4 Jaours), For t en days the i n sec t 
remains in the cocoon under the sand a t a mean temperature 
of 28°C and 45^ r e l a t i v e humidity during the months of 
September,and October, 
The larvae col lec ted belonged to d i f fe ren t i n s t a r s . 
They were placed i n separate tubes me^ur tng 3 " x I " . These 
tubes were half f i l l e d with sand for the purpose of pupation. 
They were fed on fresh rad ish leaves provided two times every 
24 hours. The f i f t h i n s t a r la rva pupated i n the sand already 
provided for the purpose. The emerging adu l t s were fed on 
sugar Boafced i n cotton wool. Females deposi ts the eggs s ingly 
forming a neat row along the mtargin of host p lant l e ^ . After 
«> V «» 
!i«l«lktm tlw jpwaf yxxmm %m*9 tvemfm&9(i to otimr iutee ana 
f«d ea ttnics* x«di«li ].««f»9» Umeih mvHt wm o^owod and tbo 
awNFiiivt i2iBt«r nM lali»tl9d« l^ asmii imtezn nam tiicazi out 
f»»i tills «toelc wlita ao8ix«^ ^ ^^ 3« last inatar Urn f l fUi 
go«9 is £bF f^upitioii a vocHiira of ^ t « oM t l m tiaa aaiBtaioadU 
flta mmmm vax* opsEiaa at dmiistd intarfala and tlia spotn^  
inaaat ^am fl3«ia iSDt^^talir ta BottluPa fixatimi £bv aeatioiilQg^ 
FOff flarlal aaetioi^De tha tMamm vaxa IdUllad in liot 
wKtay at alioiit $0®» $9^e#; £i3r irMoH ttaattmnt i t iiaa tawnA that 
ixdtial}^ tba Mmm oaxi aii^lstty l»(t moon otsai^xtazi ant tm& 
emaft m ^lifttcmlt^ ia «tttieai|ii«i3t aaaip i^eiattoiia*. Tl»f vexa 
fixaS i a Saui#a •oiottoa fair 90 Isoiuni* Bisaaa of piosio aeid 
ifim yaao'taa %y mstair 10^ e^ iN>lioI^  ^le aataxiai wm dal^ Nlmtad 
i n fivadad aasslia of t^m'imtm tfoa aloaoXttta aleolio3. i t vaa 
ttai)af»xvad to a 90»50 atxttna of al»aol«ta aiaohoi aaa Baiia«»a 
and than to pax9 Baaaaaa* Aftaif etawaeim tba vatastal ^m» 
tmmgmam^ to a $^50 aiiE^a^ of ^aafiiw •fl^st ana yayaffin 
wax (<5o®« iaPe) and iaft in an owan naixslaiaatf at €$ 0 f^l»ir ana 
lieinr* Xt vaa than plaaad in yaxa wtx and Imek to oiraa» fx«iB 
tha iiarapayad l^otika aaetiooa utt* otit at $ and # miaioi»a» 
fliaaa «ax« fiaid tf^ ttSSim vitli tha hal|^  of aa%Mai& gljwwi^ 
Stfvalwa aaatloaa mm driad at 4(fC i» tha otaa for 84 hottm* 
T*. 
8«v«na. «t«iai «cm ttimd o& the aatoriai imtui^ixm 
lHwtoif • ftfleHmm s ^ l a and liai.oi^» txlp3,« stAln %ttt tha 
%e»t y<fsuits y&m oMatnsd vith S9lttfl«ldPtt iMtaatisaeyltii 
•ithsi* alom or in aomHxifttioxi irlth oestn* 5i twn wlmt vm 
littfsa m fi ]i!>rda}]t# nmtUtm mv^ staiiisd in luMisatox^liii ftt 
ttiiiotol* stttiiMid MCtioiid mv9 eteaxvd la olovs oiH aad e»iiat«d 
i n 3>£!S« 
A fitn^ of mrose anatoasr of the imHous tffl3atY»>o 
olmgrn was vm^ ^tmm^ aiaseetloa of fiesli m& pmrnvmA 
f3aft@xlal» fljJls WHO fmM te Ixi coasidozmliXsf iieilML in tlie 
iatd^i^ystfi^lozi aikd »iaatlQfii!bi|» of irffirtons ozeaao of t&e 
tnooot 1»^* 
Fhotoislfi]R»fiVB#i woxo telEoa «« dlffeseal faaeiiifie&tiom 
ana (33NMfiiiii mm mm^ witb t!i« lioXi^  of Gemmm iuoidla* 
m 0 
%• l»&ft^y eiassifitd toto CI3 ?a»«z» dsiaiQK with gtiiMndl 
pvoHosB lilG9 thoo^ies 3*el£kted to iwoet a»taaey:i^9iii sod » 
^oottfistoii on tli9 tifi9 of tafsinologsr ( t i | pi^oitt tlift dMdL 
vith »p®oifie fQostifiiii t«lmt%^ to ®c%oraii3L a»S iJifto]fiia& 
XQOfHaxilsatloii fSrom ttto ]^ Q0[t*«om1xr3t>aio p@i?iod upto tho ^ysa» 
tion of taagiisal. eliaxEotom* 
Boxtoao titooxT of ioioot taotsooxi^ toois Ct9l!Q tfM<^ 
tiso aoc i^rtod Dgr 1ln» (1^3^ isedeics tlioJaogiiiii&iae of a voSJl 
fotmdod diootiosion on imvloiis aopoets of 1MB psmtiaat 
pbaiioasiieii oxMMtea %^  o l e r ^ iai»l>sr of lii»oo^# fbo 
tl]dox3r tl36ii£b ¥idot|r aoooftoS )md novov tho looo l»on A 
tiobjeet of intoxoot to tbo ezitioo of i^m B»i3t<m i\9^ 
«ooovdftd c»:d.^  partifti aoooptaiiett* fl)« oasio TOUT Bintoa 
(194^ «Kvt » mif oiassifios^ioii of iaooet p^M* X& 1948 
lio i(ii%li«%od m pa^v on ^MI ovisin and fnaotton of tbo psi^ 
•ta»i« Xtt 1995 tit apiin ea»» tevmrA vitli an adhrtxto 
eritielatt of B»xi«aa»XiBmi l^aoxar* liotor la t95S lia aaqyiaaoo* 
his rimm alMitt tlw oonooaioA pbaaae in tbo nataaovplioa^ 
of iaaooto« iMPlAt Blnlen <19<5) dlaenaao^ iraxiooa thaovioa 
a^0M«l;r « ^ fXoooo^ oA to ^vo an altosaativa i^ov on tiia 
ovlslA uM tamtinn of pa!pBX iastwr* if^tkta and Bintoa (196€) 
B9««iitly f»Miaictfl and l^neleanvi (19T^ SK«« wmmom fbv 
ai«1:ing»l«hlJQg l)«lif««n ft^^arl&tion tm& pipctioti in «ifiii<»frlia» 
Censi^ftsetao uoife l»ui liaea done on tho estw^^Iogr cm4 
Apooxita to potimlBitsr viU iPopres93it®<!» hoai3r iM^ t3oln@ a 
su%l«ot of vta« inv^ti^'lionB* Esison C1915) Ms giTca ft 
d«tei].9a &BW03Sk of t})8 @ml«70l062r of ^m honigr ))oo end 
Belttoa (1924) bat dsooHlita AilnDBt eit tho inlosraiia s%x«i<»»^  
(1930^ Ims ^von an aeeona^ of ivox^na ttzisotuxwi of th» Imt 
Instar 1arf& end tlio ^itongi* in tbo aaiafttt^ue^ oanidL diixii« 
BMitoBoviphofils of thft honour ^^# BMflHnEgi (19^> dssevlliod 
lnfi«^3r th« QltniiisliXf mxmlt tmwwmm s^toa and o«a903rti» 
in tim VKffw& of ftynf^ twodiiiyMi jdilfiijc* 
Btsitloo tbioo* ft nualni* of pftpozB SM ftvailftlAft on 
th» Moiocr ^ d Uf^htiitoTiM of ^timw Hymsmpt9vcm inioots 
ftad tho me%mmt& t^mtama of tlui tiBifttt»t «%•«••# 8oat 
iapovlftiit 9r»f«yo»mHi in tliio oonaootion mm thosft of Ssovn 
(1949) wbo bM doftoviliod «lt tbo atftgot in tho iifft^hio^yy 
e^ 4BB2tfm IMUlNik dxosftli (1949) !»• eivon tho intomal 
moWTi^logf df tliQ aiaBOt of l^ui iaanm of IftjBBttalfifift iMI.« 
W9ia C19$9!> ffmro oiil;^ thi amtoigr of t l» aiOinxl ef ^^ «afe 
Oiett«r C19!I5) a»iiev£l«d tho noxj^logy of tiio hmA 
of tlio flijat im%m iMffm of iMaetalft iJttlttliroiyfl* atiiy C19«4) 
Ims giir<m a aotait@<l aooomioit of ttso 8lGot#to«»«n^»i|«ir a r^pibo* 
ganaats of tlio tl^ iscoe azii nijs^ of tlia honoj %»0t ialA. 
fff^^^^fflt- Haitt C197SI lum mn^a m% ttm Molo^ of tlio 
i^ ffialQfo otagae of tbo &lmia& wmp ^^^Tf^-^mt ittXBMX^* ^^ 
11811 I^IJO S^Btsot^ tiQfi ts£lo£t|r tiMi i^ctosiiBl t^x^ otux^ oo of th® 
l i i fv^ fsovplsolosF of ^^ fff2ff>flvi!ia3!ffB imSKl I^Httk Olflnmr^  and 
Bosoli <19tS) tmm @tit<!lod tlio b^miriov ana bioXoior of tbi 
p&3»sitlo H|n!»£]oflos:ia yfta f^it<^ f^i Tfff» f^? f^ft- !ISui iifMatotovsr 
ana HomixSMs of asotliar iMamaiti0 fove XMA »9# C@o«3Lionl&0 
is i^irm iQT Bm o^o (1970* BSXJ'^ I^ E» C197S^  c«v« t}30 Moio^ 
imi inrntttiNi vtmm of fimiteliitlMWHII trfffllil- Bolwrt wa& 
iBtHMOf C1970 «l«o s«^0 ^e^osj of ilffiflftllfilt tWiHtl l l f t l -
flio •it^ Dipaov Sjnpbytat peif^otaliftfiy tli9 faiillsr 
9inltoodi]iiaMt hm sfoootvod 3Poljtttvidlr i t t ^ o attoatloiiv Mrd 
Ct9St) dwevilioft tlMi mtttwrnn mmtfmy of tho laiim of thu 
mmiiiy ffflmlmiumi f n f f T ^ amwoii <192fl vit^ ovtoA th# orotic 
Ssmaltifln la oovlmin f8Zitti»i€itiidMH i^  lot of ^eHk i» 
eoaxtsilntod %^  fHles on amrfilM* to, 1951 tm imm ^sesilstdl 
the grevth in tho tarvad ot fs»nthxodtiit^«» In «af>tli»r pap«v 
HiicMi (1952) iE«v« th» cDctemBl t«ataY<&s ana Moloisy df tli» 
a^i« giflifcrfiy f^ «i„fifiyf[|%f t^^»f^pfip> Amin tHIee (195^ i^9«» 
<ixt!)8d the Mol0g2r of iSwfylfi t^a^a^> pfwyihyt^  ftlMllft ^^^ 
FifllMrHitltgWft t i i l^lHl* Cailiitoa C195©) alfto aeoerltiea t!^ 
MoXogsr of ftff*i!^ f*?]||ti JGQSlair t l» t»ttni«l9Bll eotfflsr on witlom* 
Bird (1955) dftna l^xia 1±iO stvuetizifQe of tim aigeetiirfi tf««t 
asiring po8t«st3Vironie em^tc^mst of Baxv>peaa Bpmm e8«fft2ri» 
B0 lias aleo gS.vmi a %tl@f eusoonm of i t s rsstmmie^bimlMt, 
BtmHii, (1954) ^em gl'^im a Qtmt% aoeona^ of th^ 
mW^lom^ of IttrnatllBa i f t t e ^ f^c« amtoiay and hlatolA^ 
of tlie ai^atifc tsaet of the icarva of aavfiy PIffTTIIIifflitt 
vostzalia baa liaan dasovibsd )^ Judd (1954)* An6o (m<l Ote^ 
(195^ bava doaosellsad tha aKtoToal. fora of tlia tMitta»»ata& 
»mnw figlBmUmm ejggtolitgttft* l^ai la of axtofnal mrpimlem 
of lairta of Mjprlon fini ie givan 1^ Arox» (1959)* Slkia 
(195{^ aaaavitad tha aatalK^lisB daviais diasaauw and davaXopMiixt 
i s aawfliaa aatanox^plwaia* A faixly axteaati'ra aooottnl of ^ a 
amtapjolaisar of tha anatard mmtl:r* ^*^}f^ «r«fffff liaa %aan 
|ii14ialiad %3r 9aroa^i (19^5)* ZmuMmwlCaaaa and ftaaova C19^) 
vaaordad aataaovslxla alauaflaa in tlia ioaatova atagaa of |**^ f^f*ft 
with pairtiotilar x«fix«noa to ^m hypodamia* Hilllon 
m iZ 
i%9^ lias mitcAf eo«e«iitz«t«d «a ttw mrptml^g^y of tiw aanXt 
<^ ftlMlfi i*iff«tflff^  %Ht hAg aiaiso gtvtn «etni i«i«e«il atoosiial of 
i t« i^l tr gxmm a&svft*^  Snl'lh (191^) li«i €ti«i*tli«« ito9 Motegy 
nf tliveo gvmm. of l!iiiill3««Alttid«# In ^l» •mMiMBtl^ jr t«MittiiM 
ttwrHns and Goppgl <19?D pxoiridta «iiif£lii inCsxwitioii f«@ardlxig 
tlio aiftiioi f<»r ofKHiipMmt&oii of iitno sanfly oooioom* ttiarir 
<19t4) d«Mivaiioa th§ mtmti^mm 90& tmuMcm of ^tm hamU ojro of 
tlto ftioifl^lMft* 
Stneo oewfl^ r iasfvaui hmm mmM9mM» vooieliloxkoo ^ t h 
tlio mtmft0k%%Bim of l*i^ iiiopto»Ei> i t «•« oomi^^ro^ msmmse^f to 
eoaoatt ooso t^mwa^ pte^mm en tMo gsoisp oloo Woie mi%mWMi&m 
idosHt^rt i f fiz^Tf ^ Hng tlio po«t«iBi«!|oi^ aov^opsioiil* Wmeem 
C1$0G^  li«o ^von « aoloiiod ttoQowxt of ^to dflv«(lop»»al of viaai 
i n 3 ^ i ^ t « m «itli ofoctinl. «ttf«y«iio« to 2 IMSUI IlStti* Ati»tlioip 
m<mmm mi%«rl»l f»r OQiq a^rstliro s ^ d j Is pfovi^a IQT Sowoii 
<19£9t 1991) vbo oonlKiiAa til* o^aios to f^co atwilopttoal of 
mi^ CRl in tlio laxwftl «t«i»8 of yi.Tff*f fflrMtii «nft i«l«r sKto 
« doloiioa dooQiriflioa of tlio OBUIPO ^Usmlovjr MOMt and tlui 
elMMWMi i t WBdircpio dwrtiiv aofolopaonl f ^ a tlai f l i» t to t ^ 
f i f m imtaiy IMTMI* Apilxi la 1991 • Sii»oa aooovi^ta ^m 0m€iap^ 
moat of tho alimntaxy oaaia. of 2|jKl& WmllMm aaA aAfOoatoA 
tho mOoMaew^ oviffia of tiio Ili1yl#^ian talnloo* Btaa (1995) 
took «f tho do¥oloinoal i^ liiiEiiioi 1«dft la tlio liood of tlio oaao 
insect In detan. Kim (1959) reported the d«f?«lopE68at of the 
imagtnai leg imd the differentiation centre inducing i t s 
development from the lerva to the imago of £l£2JiS S^§SS«LSS&* 
The vorfc of Judy end ailhert (1970) deals with the histology 
of the alimentary oanal of the last inster larva of gaint silk^oth* 
JxaffBltol^ fi ia^ TCy<;>Pift end the metamorphio changes in the gut 
during larval pupal and pupal adult transformation* Greenstein 
< 1972) described the ultrastruoture of the development of vings 
i» mmntVim ftfarffTOffl^ Recently ,flli (1973) has pjovided 
en elaborate account of the post-endDryonic ohaogee in the centred 
nervous system and perilemme of JEiJ§SiS braasiea^* Later Mi 
(1974) described the structure and metamoxphosls of the brain 
end suboesophageai g^ ngpLion of the same insect* Xn the same 
year MCIieughlin (1974) took up the study of the fin© structurta 
chenges in the nervous system of l^^uigft JSSiS* 
During the present study i t vas £ound that in son© 
respects the savflies exhibit developmentel patterns vhioh 
resembles Coleopterous insects also* Some such important papers 
are referred to belov* B^ns^r (1928) desexlbed the development 
of larval and adult midgut of Cala^ya oxyga^ vhile llarray and 
Tiegs (1935) have given a detailed account of the metaiaoiphosis 
of different systems in the same insects vith emphasis on alimen-
tary oanalt nervous system and cosqpound eyes in partioulart 
Albro (1930) studied the ohGnges occurring in the oenocytes of 
ffffAfyWfffliL^ gmpjy?^ during the larval and pupal periods of 
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development* 
The fine s t ructurs i organlaatlon of the rectum In tlie 
blowfly QplUutV?^^ ep t lyg^epM,^ (Gupta ena Berrldge, 19e6> 
provided eone useful inforinatlon. Gyrocr end Edwcyd (1967) 
described In deta i l the post-embryoalc grovtli in the tenainal 
canGXion of Aohcta doiatjotipa. 
f hen there ore eomo paper© ddallng ^ t h Isolated 
problems vhlch piovide Ineicht into the ftmotional aspect of 
eoiae structures in the insect body, Glaseer (1912) reported 
the function of the osaocytoe In insects* Viggiesvorth (1932) 
eieiborated the function of the rectiO. i^eids a© sPbeoxbere of 
water from the waste present in the rectuo* ^he woiJc of Edwards 
(1569) vas found to be of part icular in teres t as i t deals with 
the differentiat ion end laeteiisorphosls of different neural 
elemeait© in a variety of insects* 
w- %^ im-
Cm ef tilt eeet etuuc«ot«rl«tti» ttfttoM of tiii«ot» 1^ 
tli« t»Bft lilttit tlM^ iilQMt «lini9» 2iKtoli is a ooaaitioii nei^iie* 
logtcftUir dif£^]PtBt fkidm tbst of tlie tasaft* Xa oifa«r to iraanh 
t)i« lAttffir tnstsr tiift:r eomvm^m^tj t»v9 to pass l^an&ai^  eHiemum 
of torn i^oh fiVft imU«eti'9«ly t«nMid natcnovj^ liosls (Srawt $9T7)# 
fb^d obfiisg^ of foim M r %• Ites pmaottncMia «» ia 8«BiB«tft%eloii» 
insults cv ^fii^ iB^ tNi pxofotusdi ia saddLMtoS tiy n&jovltr of 
iiaetote ooaiititiitiiig t^ittl $» kaowot m mmgH^n mstawifplsosla* 
Sxopt«e9s^«i p«88 ttisoioi^ ttte^lt Bi^ ugo«plio8i0 or i^^t Is 
esllod aiiTwit sm^i^pma^f stnoo %lm^ mmm f ^ s ^ o oi^ t& 
A foitt litddli StfCatm fSeon tlio IJHMSO in an MiflenralopoS stottt c^ 
»arp|]o3«el8ail s«tails» Xn ttkft Badioi^ tfl^ nKotMi tt!« dlffirmo* 
^otiKMa iHMitaM irlaffw ana tlM imgo* en th« otl»»r liaiidt aan 
pvefottiiA, 
Ai^liteMtiwa. «o]3std«f»tioii to iKpaAUi tho div«xiiity 
mooac tlia HoioBtftalN)!* AOA a«dM(t«bolA lias to ttkm incle aoooual 
at t««rl tiro Ssper^ uBl fiMti* f imt l r t tlm aaoaoialoa of 
•suplioloiloatlsr ^liffovaat fovw of taaatinw atagoa i a tl i* 
Sxoptivyiotia Wlbvt tlit taasft ataia ia vaaahad and to stt«^pt 
a alaaalfieatloa of tiMaa fonw oa iSlm laata of Hioir xwaiMlaaaa 
to a aoiaX i^oli mmM INI ooaaldtiwd aa aaoaatxal. saooaaij* 
•iae* 1ii« %im of «dLt of tli* mOam f»»tt «h« «eg &» «ni«iai 
f<>» «asr cioiMii^Nwiioii of ttw xtf» tiitti i i « t iiMftd ^ « «M»»i«t 
•Hotttd iM laid on ^ « oaotml «iid fB«3Li*l9r i^ w^rltteaa lemmww 
mwlUtaLm within ^9 ii»t t ^ «ffvttt ef i^wtvoiMffelil f^tomi 
An mmp^ t ^ ftmtt BiKl«te (19191 «arai»«<l » ttmovy 
tfi %Mffim3. tfmm iMoh mo ftd%t«d lor X»ai ( 1 9 ^ aaa mui 
f8VGfRy«A ligr via* momip^mmm hm mm tmim «4Bi«Nwal«« 
AooGV^m ^  ^mAm9»»tmm thmry§ i t ie |x>iHiiia.tt to 
dSstiilpii9& aii ls^ mlfa^Mib SimOopi^iit t!^ i?@o enoewioive pl3«i«i 
tla^Qj^ wM.isk im»Gt mk^ap$m mwa^i^ vmm^ ^Si»mll& thm^ 
pimmm &m m^ »hsae^f n&xfeddt 3r«t m a«pMintati&» pmsem^ 
aa^vo»poiit«rioxl|r oppazsiegm «pptt&r fiimt on ttao liMd follo%i«d 
^ tisofsieio ans a^ dEiaHoa^  apl»«B^kei»» Q^9« devaXopw^ of tb« 
alidonliiaaL m^pmnSaem wsOm tDo ana of Hhit fixat pbaao» t^ia 
jprotopod an^ i tho litetiiali^ of tlia aa«oiiA» 1 ^ polypod flMMa^  
flia fOrmr io a pvaooaloaaSLar balaliad mUmyo (primayt lasrva) 
in iMoli thi davaio^Miil la aneaatad at a lalatiiratj anaior 
onlocaiila pliaoa aa in paxaaitla ^rmiooptasa and la oliayaatariead 
hf th» yeaaooaion of hmA and thoiaaia i^pondaipa* 9lia latter 
ataia poaaaoaw lioth tlioxaaia and aMoaiaal ap^ m^fliNsaa oar 
pvolo«i« yM^ aooovdtne ta tliia tbaovjr* ara of tha aoaa aoviao 
aa tbo thovaoia last and «bat thajr ava aainonla appandtooo 
m %y m 
irhi<!li «ft«v bftteMj^ m% ir«tftiiMid l^ r the 3jarv«» fli« i«3nm« dt 
•000 tMUp^e&'^i^mm^m^VLm ma& •eovpioa f l i t s icrt elftiatd to 
•ntf«« famm tSwi «i0i in ^tm fol^ rpo^ p£«i«t wHSlft ^ « Invwi of 
tim tNMrtiM and G^miem vMdi x««di ^mXmm w fdmiisid to 
•s»3!!go in ft Xftt«r MJlv3^«ltt i^ iftBtt « tli« oiigopod* mi^ ftpoSoito 
iftWMi of 0oI«opt«Bftt 80@9 H3mi»x>9%«r» and lEptMfmt meooiPdixie 
to thin iriavf lunt d«viTtta from 1 ^ otlaopod fliasa lii^ ' i^dootioB 
and %mm of t l» tixtxeoie appaa<Sagia« tlia I^J^IJS of tha 
ixoptaesmotaa ara elidLisadi to wiifiga f ^ a tha atss in a poat* 
otdtisopod atafld* 
iii^^pov^m of t&la thaoir^ r fliv^iaF imintain tlsat i t ia 
tba acsotint! of soUe eonfcainaS in l^a ^ tisat piPiaoviiy ^atatw 
stinaa tlia ^laao in iMob t l» ai^ bv|<» ia to tiatetii tlia X«ee«r ^^ 
tnantitsp tlia aasiiar a atapi in vliioh tlia laarva batelUMi* 
Sttwlae up tbma ^awa Eaoion <l94i^poiataA oat that in 
aaaanea tMa thaory of iasmil fovaa ippliaa tliat tliara aaiat tvo 
%ti^m of larval. fb«Ba» In onat ayrtatation of Savalapiaal 
daviaft onl^iiQfaia ana lawwitftfa liataliinK ctvaa viaa to aiMik 
font aa tha pvotopaa larvaa* In '^a othart aappvaMion ^ 
i i ^ M t i o a vr aiaj^iaation of olicopoA aoa^ition eeaaxa* 
WMla diaa««aai2« vith a part of B«arlaoa»Xaav %hmiff$ 
Ranaoa aoai9i«» to tlia othar tagr aiM»tatinc tlwt aiaea tlMi pfo* 
tapaa of tlia paaraaitia Rjaaaoptaza la a tfawitovsr phaaa* 
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pmwm^ tlxeougjA on ttm nay to m atfinitiYt tmewx tetm iM«h 
i» oa upo^yai giolif tlunftf^ ennit omj a VKg% of B«!le»« ^wsyy 
Ma %• ftoe«pt«i in m i l * fiat tlm tuM doi» mt hotd food for 
tlt« ioljiDQa Ifoeims of l^«9i^pt«iift ana Sjfi^ piigr^  as thsf aam not 
ti^smitoi^ pisasea l»t rapsMan^ a nora aoi^ltfe ovpo^UsatiQiii 
tlmn tlia vaa^oaa oXtiR^po^ Ha 110169 tlia iriaii ^sat satan^on 
of abSQisiiuii tapi la mt a oxitayion of dagvaa of dataaapei^ 
•»fba *|j0l3?i»^ a»^ tba iwjiiflafi •oXt0»po5* do not 
timmt&ve «^M in tlm mmm v9%B^i.&mhip to ozia anotlior aa tHa 
polled aniS oliaopo^ ^Qtars^niii t^ i<^«0 *^ 
Ho Hrr^sar ata^oa tbat ataaftiiir £^a tlio x^^s^tm of tSaa 
^Eoptar^ iSotaa dona tipto ttia i^ '^ sota of l%taini ttiasa la a 
progxaoaiTo yaanetlon in tlia },afal. of oxiptaiaatioa yiMi Intaiw* 
aadiata foTsa in taat^ roaiu fMe aaiiaQiioa of latval fomot 
aeo9r<linff to MUf la attfllntaMa to tho lflfitt«aaa <^ iaftiiMto!? 
bomonaa at aaeli aeajraia* fba @i»atav la tha affaot of 
sup9«aaaloa aaa to lofeiMtovar liarHoaaa tlia a ^ i a r ««tld lm 
tha oxiMiiaatlott of tlia lavtal foxaa^ Ba soat on to aaeisaat 
tliatf 
*lihat liaa IN IM liAiayitaa fX6m tha aoiaoon aaotatev of 
tha holaaa^holaaa cxompt la mt a ])aytiaa!av tasvaa fom hut 
tha hovmna soehaaiaa of cyovth aoaftiol** 
tli9 tffiet of tuts* «0ooird&as to Mat i» tli«tt 
to mm infliiiiiBt of ixOilMtoxT imwmam and tin •dm.t f«Kti»^ 
mff^am only «t tiis iMt m^^flAm^ tn Him la&tmui^^lm iim 
Imt^HiX e^^m mm snl^ iHst to m moh mw poMOVlbl *mm^mtm$3^ 
i^Mwaam iMcSi elaooloi d«f€iofai«iit and im imtiHalnoa atiaost at 
Eosioo 8^0sneHi naf m«/^mmv^^m®^ ie^mao an ^^ lo ^mem of inflii9z»« 
o f tbO 01^ |P|^ S^ @$9||.0£t fo©t<Kl!^« 
tlist iNirl tMol& Soisima (I9#^ ft2»G fbtma fSBet€it»iiao la as nu^ 
m 1 ^ prliaB3B7 !»£«»• of mwm f«3fBattie ^ymsBo^mm tam pvooo* 
«io«BK oelosma* flio «em of m»h mpmidm mm «1Uao«t ^rvoiS of 
fotk m^ mm mamwaiBi»& ^^lamr ^ iSm folk of tliatr liest « ^ 
eir tiio Itooi of t ^ b^at tmemm, Aftsr batoMiOB tltaaa tarvaa 
hapm aaoagBiiitad at^ doaMi ana mi0mm%»p$4 norveHw ana xwiyimtoTsr 
ayatiaa* Simea la aot tn asfaaamt vith ^ » ^m tliat tiMi 
yolk i^ayv a pavt ia foxol^ ^ba antegio to «tttt tlia asgv aa 
thmm la no yeaittva pmf^ ttoal tlw BimptavyiBota aiEii aoatain 
aora jatk oir noia lutxitioaa 9a33e t^an tha a^a of Haaoptav^iptaa* 
Aa »a»ISoiai<! a3:»aa^t liailaaa*^aaa thaovsr alao voe^latoa 
tlwt tha apiiaa^ iaisaa of mm^ BaSo t^avamB^ iarvaa aara hom^jmmm 
^ t h ^m Hiomola tasa* fliSa iriaw waa aritioiaad %gr Slatoa* 
anetios sm^rass (1951 § *5t) bo points ent tbs^ h» (siioaiKnMM) 
obaiieti Mt oazli«r ttand to ooaeflttdft thftt tiio pvolosn «m 
••eoaaaxy pxevivioiMdl 3«79iil oi^ Kot t)»t axt adt ta tlid warn 
•ofdlAs ftB "tlso tlioz!ttele Xi^gB» ZB MS nooct ps^y suldisfasdi la 
19^ 9f Hintoa took a tioldsr step tigr rajsetiae tbs B«dL«a#»l»Ba 
thsoi^ ia i ts eatixstsr aaa pzooisEdt^ S to glira aa altexnativo 
vlsir oa tli9 ovlgXn aaa faaotioatiS. eigoififtaaea af tlia papa 
ia tl^ EaddpHmFjaotaa* 
fmm Vm triaf svnriair of tha "f&etmm l^oslaa eited 
a%ovat i t appaav9< that diff^raaaas of opialoa apart* Bmflm^^ 
twm tliaos^ r of laxnrai faraa <!baa pxavi<^ & %roxlEiai; ao^l l^ if 
safaapaaea ia oit^v to aata^i?iaa tlia xrai^ iat^ f iaaaat iai*<ma 
taaa to 8boif» Xadaad* tba atraotax^ Oiirasgoaea ia aoaa ia aova 
ia tba aatata of a^ptatioa to pa7tiett3AX> ooa^tioaa ^ 
aanriveiBsaat zatliar thaa a faat of aaar plijionaaatie sit^aifiaaaaa# 
Xaapiaft tliia paiat ia viov the aatlioiP bm a<laptad ia tha 
pyaaaat voxic taa etaaidfiaatioa of i a w ^ as aatliaaa ia B«i*s 
OsBsna 9sxt Book of Salaaolasy (1977 )» 
temiag aow to papsl staia sad tbs tomiaolosr assfl to 
isaets tht sa^paaas of avaatlis ayta tha fonatiaa af a^ait 
aaaxaataysy it asjr lis peiatsd oat that BsHsss (1917) sealaBasd 
that tka Xaxva of 3adopitsx7»otss ia a fwmo liviag mtiAayo wliiis 
etai^B of B3K»9^ er3recrte8 aie <»>iieteiie«i<S Into oat* sacli & nboTt* 
Himon (19^5) ^es not eeom t& fcevour tbie Ytsv &ad 
<H)ixtends tbat tlto pn^ n is a taodiftea ftxma loetar la3?va of tl« 
Hx0|i%«3rjrgote amestoxG of tfao Baaoft«x^ i7i;atos &x^ hm 0votvoa 
to t a d ^ iitm mstemtmm tmtv^&n ^tm XesniK ana thm aaalt 
ot€ii^ » Bi« ma^y os®B^tm3L etagoo tioitug ooepumbio to tbs 
lanrao of Bndoipt^ ^p t^es* 
hmmieGSjm to icc tbe toxm eoapisf iss^lyim tuo sbeaaiijg 
of ota (mttole ana ttio ^Qoet^ut w^i^^xum of & izew iastor 
aoe» mt fofyonoat tlio got^ ^nos of propaiml^ vy evoixia pir^t* 
aing tho oaotiag of tlso oia skin, Bofeva t!io ttoaysis oeoi^ ni 
the •piaofisls seperateo fsom n^® oia otsticao a vroodso nidoh 
tarn lioon toni»a apol^io C^ oi^ lcin ana Hintoni 19^^ ana tiHi 
inoatttxvt ataga vMob lias aapaxataa ^itltin «ba oia eatiaia 
t i l l ita final aheaaing $M toynaa a pliaxata iaetar* fha ma 
OBtiala la not imtaiataijr 9WT9t^& aftor aapaxsliea ^T%xm 
wUah psHoa tha plarata iastar ia aaia to SMB thsongli tlia 
axaviai i^ liaaa* ^M» ia followaa isy ths avtiimlar pliaaa aaa^ ins 
vliieli nav entiala ia laia ^i^vn^ %mt9T tba ai^aa Ivtvaan oia 
ana fimi entiala ia ti:il9(i with tha oonltix^ flnia ana tha 
aia eatiola ia finally aiat off* 
I t ttm mkA of larval l i fe faadtnd «ttisa1.lar stofs ana 
tiMi iataot lEpapantti fov laalor trmmtovfrntion^ Sasdag thtt 
asflir part of the p»ftt.»fita<a»i( p(ifie<!i ^ e fnaaet pasaaa into 
a pi?«isnpal «tag»» Hia t«m px^iufa l»a not tsaan miifoyidly 
uaaiS to ropspaaaal aoar apaeifle 8%i«»* irasr^a <1990) iMitt<i i t 
for tha laat iaatar Ijowa WMDII atope faaaiag* nm&msmm 
(1924) and Boaanatain (19$€^ appSiaa i t for vbal naa tlsaa 
ragartlad aa tlia fourth iarv@aL iisatar iasida tha pxpaseiam of 
th@ O^lQTsm^titmtt fliaa# HatoaHf and WltM Ct97S) hava 
dafixiad i t aai 
*'Birli»d of variabXa a^mtton betwmii tha rstrsat 
to ttm pspal pooitioa or fosnsatlon of ^b& papal, oaaa aoS 
th^ aotnai c^jsas to tha papa^ # 
&e<^ rdiii@ to Slffim (1^91 tha a^tlt oawfiy larva atopa 
fsediag ana passaa into tha prapapal phaaa vhlelit ancov^ixm 
to hi!s# ia of eotniaarahla is^rtaooa fxoa tha pts^ioioeiaid. 
poist of "vtm* Siaxing tha firat i^ bnaa of propapal lifa» ^ M.eh 
ha taxnaH aa aoiiyi^^ tha iaaaet rotatna ttia larval hotfy 
atmatiina* fhia ia tatljem^d hy tha aaooad ataga m- tha 
proaynpli ahaxaataitaad hf tha hiatisiljiia of tha larval parta 
aiiifi tha hagliBrtTtt of fbrMtiaa of tiwigiiial atmaturaa ooa^a* 
ta< 4ariii« ^la a^rt papal lifa# Ite furthMf aasgaata 'tisatt 
"flw pveinpal steiros fom twsre a tartimr§ thmt to tto 
eoncvspexi'^ iig in eft^ f li«9 to ths lft«t lasnral instaar of ^tbar 
?%0 Goseej^ t ef n tl&ir€ instear of sistaaoxpliosis ae 
9O0titt®t9d atJoird is tiasrSlir tomldte m i t a9i£Li#@ to o 9ftvti» 
imlar i3E*tmp of imootft tml«ioi'70 of ttio pftsoin^ nwrntlf* & 
BOTO dopoaflaMo orttorioa I^dofe ftnete a tti^ vo»s&l, apptiO'^ tioa 
ie l^ is; foot of oefi^lfi aftoy wliioh a mv iostar esioifgoo fsos 
^ o ot^ i oldtu fhis i s in agyeoBBiat with 1310 vi©« goa£9?all.ir 
Qpli^ ld foF tho a9flaittoa of en ioatar* fho pftsi^ peS, stsgot 
on tisto Bustnsptioat ^m mt sBporaaozit a nm tm^a» ittsm^ 
A voforenett to ^slo^^s tomiaologsr dosoxllMd mafliAT 
i t voati i^^ly thnt tli« pwvpo^ in a pharst* t^tps «• i t ti«» s 
•«9««mt«< ffoB tbtt larval entiole aftar laxval pit)p«l apol^ais 
wbiali aftar a e ^ i a vavaala tlia noi^ ybazata B^pa* la aona 
aaaaa t ^ VR^ al «<olt a^olyaia nay oeoiir aithsr alnaltaaaoualsr 
07 ^wit aftav tha lawal faiMl aei^ niia so ttm% t1m ^ htfatioa 
of mn fliaxmta impa najr iw TOXT ahoit ov totally oliaiiiata4« 
ta at»ali an avaxKt tha phaiata aialt ataca laats for a lomar 
9arto(t of tiiaa* 
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Condltloat obtoininic in ^t^'yff wfi^ ifHi mxn siioh that 
tb» ttim pliara,t# pipa of Biistoii» If uoodt wmld iMftvsay i ^ 
jnstlfieatiea siooA tl» oiKSs of fisst apotyoio aftsip ooeoon 
fOfmfi£fci0S Bhsm iMtvi&sml imriiitlon nsfiflr slaSlar eoiiAitioai 
and tbat apol^ie oomivs ia ira l^oiw pivtt of tiio \»&^ «% 
aSffirtnt; tit«»o* B»itid»if tlito» soetloas ehov that tha tarvaX 
psL^l aedyoia aai fc^t m&utt apolysia oaro INS* oio««t3r spamaA 
tbat It is aifftfiialit to mmy If onjr nea^ idunrato papa at alX 
oadLsts* fgieod vith tbosa atffifsultii^ i t nos eoaaid r^o^ l 
adviait>lo to oae a mm aoiw^ixdtt^ torn 93?opti|a In tlia 
teset fDif t£i0 f&rt of ilfo Isaftnoei} tlm iwtx«at of 1 ^ fiaal 
iBstar larva Into tJbo t^il t i l l tbo larval i»£ai e o ^ l a 
oeoitsv and tho t02*» ffapa for ^lo r^t of tha Ufa t i l l f a i ^ 
a^lt aodTois oeoiasm foUmring vhicOi tlio iaaio omarp»i from 
tho ooeooa* 
85 <•» 
After 9iisiiG8ao« 2 ^ n tho egis tha f isa t inRtar X«rf» of 
A t ^ ^ iffiiyg^ay ^gmwM ttmmi^ •aeeessliro iantttx* of vbitth 
tl3»r8 &X0 f lvo iavlag t l » l a rva l Uf9» f!^ ® Xnst tns^ir larva 
m&tmt into tli» ii@ix to fore tSis i^ sTepapat %ftAelh a f ta r te^iiiifi 
gives r l «« t& tb» inpa tfitliiii ^ o eotjoonn tlwse 3.a»t two 
plias«9 are naaletid Igr tibaopNi not only of form en& imMts b&t 
at«o Iqr ail asstaiieiiva vmmi^tim of eortaia ors^oo loadlzis 
timaLtf to tli9 cisar^noa of tlio Ini0c» fros tito oooooa* l%taii« 
of vartona atagoa era ^ v o a teHoir* 
A* SSBOJtiSBOi^ 
A larva of ^tr^ftlli ^TT***"f raaaai^ loa oloaaly ^ ^ 
eatarplHar of X<@piaD|9tara i a its genaral appearasea* Xt 
poaaaaaaa proiaiSB on the a^ aosooi* if«lX (^ afiaafl aagasatatioii* 
4*«a0Baiila4 alJort atn^y aixteiaaa oad thoracie iaoi* On tba 
iMwie of thaaa eharaatari i t liaa liata olaaaifiatf aa of 
8r«eift»m (volyyo^tTpa* Zo a i i "^era art ftva iiiatari anfi 
tlia larval AttmtioB ia a1io«t 14»1t daya* fha larwml aldii 
la not anootli tet proeanta a wridlelad appaasaaoa* fliia 
eon<Sltioa ia aort froaoaaoad on tho (towmx ai^a tbaa on tlia 
vaixiral* Siapita ^^ tona foldiaim tba aaissumtal icroevaa eaa 
aaaily ^ i4aiitifiad» 2a tha thorax tl^iaa f o l ^ art qaita 
4» $fi m 
l^ ?»alm»l» Skin fiolds on the tsoay of ttm Xaaem mnm^^ 
miporHettaLtf v^t mm ismmn tm *&e9^m v«3.t»*« fli»«« 
tteiuaty eonftntH to the voatna sido Ixit ia soi» foiee thoy 
®3ctosid to 1^ 0 lataval. «ii08 e^m* In otho^ m they warn my^tm 
and coe^ lotolLar <3^ 3i>i2«oio th@ nvipaut on whieh thoj ore l)or»9» 
Xn 80Q& nasor 1^ # v^to mm tmm^ iiiith itsnailjr cunrod stiff 
opiiaos or sotae i^eh hslp izi imdiorii^ tt@ l»dy aurlog 
loc»»otioiu Za ib» WTTtffI ^ «^ <!»^  looostotas;^  opisoB ar« 
psroooixfe in tho skin folds nor ean ^oso fo l^ bo vemsf^^ as 
offiotiiro oxi^ too of looosotioa m tho ^rotoge ez^ votl €ov«» 
Xoped &»d 89i?vo ©» loeoaotax^ osieQiis in oonjuaotion with tho 
thozitfsio l©«i# fflLnfsoa (1955) xoports that tho ti^to of a lazgo 
mmtwir of diffos^st %&emm hac?® heon stisdiod and in ovory on« 
amoelos vox* found to h» in««3r^d @M that etimotiinaLty thoy 
do not differ fxos tho pfoli^ pi in no iqpovlaal xvepoet. In 
A* ryrrffff thi« ¥88ffi3%a.em3 is fnito ovidtnt ftlthoB^ no 
eoao«rt«d offovt vao aa^ to i^ntify aaoettlatuxw in the two 
dovins the eoiime of doftelofeent* fhoae folds peoleet pxonl* 
aemijr outmofde taeiond t ^ 4«i»tef«a timwl of the ho^ i#ali in 
the tlioyeeie veglon and ieea ee la the rest of the hody* 
The hyvognathoe head of the larva ia pxoniaeiilly 
dieylajad in the akin f olde of the thozax thxtmi^ut the 
tli« aavsaeiaff a«» It muxtwm m vvk^imX ibra» shorl mvttm vf 
fioat^yed i ^ evar ^ o im^ 1l^m9 o&tBm mm tOmo ^^mmpmA ta 
thm laarvA of ^m^ft^imafff. i^fj^ -np^ . (Bira t927>f ttsmt iastcr larvs 
of StaEdU^  ^ ^ 1 ^ (!il|.«9» 195^ end In tlu» Saifva of JUkfifiUW 
fh» IMilmpoa ^ptanmlal sottiv^ oa -m® Ixiad Is ^iiit« 
aif!tt2X»t fKon tlN v«r3r Iwgliiitlag* IMiloa (19^$) haii aoserllaoa 
tti9 aeiiP9$»l0g9P of tlio tm&^ of tlid iMxm of J^  Tf**^ W i ^ i ^ a 
lio !»s olioim ttio »aiaa esm of tlae opiexvalfil »iattt»i ozigiaa* 
tlag *re« tls0 oeoii^tal tommm aad «»rtexiaii«E opto tl» etiaais 
of tlie iPovtix» Xt« latovBl arm (fx*02xliai cntitrvi^  sxtend upto 
tlio aatoilor toatoxIM pits* fbAB caonnrago ilat ia IwrviS. 
iatoGts la a Itm of umkm&n (l»|K>^9t 194® aaa Sao^^raast 1947) 
wMoti epUts 09«^ at ttio tins of oeajjnils* It to also vsU 
aifforsatiotoa ia the lawaa of |fr«*^^ j||8l aaa ftTTtlffrwiH 
^tituftn m ropoi^a 1^ ATGm (1999) aaa Bira (1927) vaspao* 
tiva3.r« R^MI apiofaaias, aatiiva aiviaaa tba exaaljoa tola a 
aaaiaa f^aa aaa ti»» aTt^ aotvieaa yaziatal araaat ttia lattar 
%aaxlaK tHa afaa aoa tlia aataanaa* 9bm aplatoaad satiisa 
aayaiwlas tlia iB a^a fxoa the elypm»» ft taaa hotwo^ ti tha twa 
aatafioir awiailnlar axtiealatiaaa aaa haasa tha tvo aalayiar 
taataxlal pita aa It* IMlloa (196^ f^ xtfaav xaporte that tha 
attl««aai autaya ataxta fsmn tha iovar aaa of the poatoealpltal. 
* S0 -
mitore mad «aida nmex the <mtti3noi> ear^c»a.atioii of ^m mmmM,** 
Zt unl-tes tvltb the 9pi»tom^ auture «M«li «act@»£la tx<m th« 
p{»9t@zioi^  toia^riaX p i t to the po9texior ssenj^ tAtlaar extlealft^ 
tloiu ?hi0 part i@ eeaioa tlii t)^posto»ia eu^ufOt vMls th« 
pert stiiimljag botva<m tb& aatosrior £3i»l post«zlor Qsoailmlitf 
@niei)l&timi i@ toifisea B® pX@axostt>fi^  sutnani* f h® po8t0e<il« 
plttQ. mtaTQ 1@ px^ia«at oa th^ do]?aia ma la teral oid«a of 
the foxaisaai ©S|]§t»is# t%© passoecsipit^ eutisx^ at®rt« taaom tis® 
po®too€d]^tai aut«ai^ i^xdL smm I s to i r^ l j •^ tM (^ soniSL outuro 
on til© vQwtm^ r«el«m of tJi® hm&m 
Of th€ ireslo^s gyjsth^ appoaaa^os of tfc® lorv^^ «ie 
li^xtimt ocotip,ytB0 thct imt^sto^^oroal z^^on of tho h@M» i@ & 
Isilob^ stscuctmro* ^hm m^3^M'bXm ««r© souisijlj t3l«i^3Lar lo 
foi^ ^ ^ pottiiono fomx oisi^ 'iX to@th U90d tov mttizsg 'v^gntahlo 
food* f2io Ifixire of Hbploeaapa haloyon ^ e o ^mmBm& :£tua? tooth 
towards tb^ dis '^ l 0303 of tho ^t^diMoo ao dooorihod h^ Blxfi 
(1927) • Both X&bxum ^od mzidlhloe aio s^exotlsoi otznotuiwi 
ftom tb» very hoglmiin^* fim i8fiatlll&, oonaiot ox' i» oiordOi 
stlpoSf P^i^M s^o» <^d l&ciniii* Both Xahitm eiid lae^aciffiaLiM d$o 
soft et3ract«;i708* tholr •«^<«ited psapi uro eXomily %tMM* 
facofi irontTiil aido of the hoad. stadios on tho ^onoral dittfooition 
aoai foxfi of the ^osthaX «pp«ad&eo« «.« doooslbodl mmvm hoM ffood fov 
tho l«rv« of MsMSBSaSt lAffWk CBlz^t 192?) mad ^ny i^ayi^  j^ ygj^  
<Aioy«t 1959)* fhoso ! • • p«ir of latorto. oo^U «tie on 
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•itlMy flidft ef th9 hmA and a pair of vidaljr aapazwtad atioipy 
aalaam ia plaefd astaxtsr to t ^ oatUt* 
9)ia eyiincizlaai tytsnlc nitH a alti^itly fiattaaoa i«iitx«i 
amxfaaa ia divi6a<l i i ^ 13 aagsontai thraa tbovaaio attA tan in 
t)ia abdewiiiat T90on^ ffaa totiA i»uib@y af apivacaaa ia taa 
wM^ ara aitaataA ^ f^iKWialafaat?' a» 1x>t& tha aidaa of tlia 
tytHUe* flia fimt two a?a F^ taaai iiJtarea^ooixtalijr in tbe 
tho]»8ia iragioa irMie ^ a sast asfa sitaatad in tl» fixat to 
tlia eie^li a^ deiiiUial aa^mata* Bad^ axviaiisr thay opan 1^ etit» 
IJjea apasTtaxaa* fliaxe ava ttoao pairs of tlio?^ aoia laga and 
aavan paim of pxelago fxots a»0 at)6oel.nal aai^ i^ iita <?!# I» 
Fi^« 1 * B and S|# Ho txaaa* i^^ ana i^ of an^ appan^ M^ia on 
tba first at)ao8iLnaS. aagmnt ia aaan* It ham ixian rapoxtad 
^ faxDS^ (19 !^^  that in ^b» emtiryo of ^« .fffifM tha first pair 
of alkloadlnfli appandiiia fon» pSanropodIa vhieh gxowa into a 
eonia«i atr«atiafa ana diaappoara tmtom tha cioaa of t2ia 
ais%r7aaia lifa* ftm first pair of proiac ia thortfora a 
v»ml9 aalryaafta atfuo^»a* 
1« larljr Xattaist 
num firatf aaoond and third iaetar larvaa art gxoapai 
toffotliar aa thojr ^ n»t abav anjr r»BBXleal»ia Mffaraaoa «ai0ap(t 
in aiaa and aro* ^laroforat daaarited aador tba aaaa haading 
ftio f|]*8t inotftv lainm aaasttseo atimit 2*5 lae in tex^h 
aad3 ae in ataattor* Its (mlor in G3um&^ dlrt^ wtilt« «! fBa 
tifse of Imtoisiiig, soon &tt&r It starts ehe i^giiig eolov eaa 
vttMn «n hotiy ana u bolf tt® IjfteUl ttn^as Vi&t^ and tedy 
d8ir#10f@ a l&g!i% oltv»»grei0ii ^^de* fills eoior obongo oeeaxn 
aftor avoi^ wait as^ d tli@ ttao talcoa ti^ oaoh iaBtar to Sismtop 
i ta mvmH eoloi* to » « « or ImB ttm ammm f^ &aemt$&n of 
i ff0 of thia imtav ia 3 da^ a on an eimmm^ 
9m fcead ta ovedt in mttija» aad tiQava» apart tmm 
oealllt a latimBf paixad p^SM^i mmdAtQ^mt aa^taiaa and a 
laMniB* fi^m ie m txaea of anjr praimiiailiiiar (iotorofilas^ 
oar a py»^3tai3»ax^ appendasa on tba luad of tba tarva* oaao 
ana D^aa <I9$0> ana Bmxi^ (109) iuxva taportaa a ^ i r of 
vaaiaonlarsr ispamiiciitxiiar appon^ysta la the amlsr^a of tlia 
Battaxwatas) aavfisTt AglafflltlCTil flfigllitlifllift ona ii|2u2ia jBBSln^ 
ifaapeotifoly In tto pxvaaaailisaar aagaeata* fbaaa ax<a 
V9f9t%9Mi to lia tvansitozT atxuotuxaa anft ^aaypear dirtag 
am%K9oiila tif^, Saab oeidLlao ta fiaoaiit Iatef«l.lr oa tha 
Itaaa and ia Vknek la oo3or« fho azstanaaa ava aaall, and ara 
plaaaa la tba aatamml aockata oa tha parlatal xwffloa of tlia 
etwainm in fronl of tlia ajfaa* Baah aizlaaiia Sa 4i^aiiaa]ilaa» 
flia aixlomia Xooka Uka a oonlaal aai^ oanlad pag aaa to tha 
51 ^ 
ymstftm Awmt9T of Him oomposMti •offasata* flw Ibwai 
a$.f£»x«nli6tioii iato a ^iiq^# peMe^ aad f^ fio i^axm 4^^ set 
oeenr aaxliiK larval Uf9# flie Idas pigasntaft xt» of th« 
aiztemmi ooek«t is etsaHy distioiealsljiit^la in tbs fizwl 
iisitttif XasnnNi 
flss tl>&3rs0ie region is Ivi^ &is]? tMa tUs aMosBii sad 
is not diiri^d i»to anmt^ts @s hss Issxi ^s&xllisi ^ Bird 
C19211 tn ^im tsmm cif HffT*'*«fta»^ M^f^»- Bispit# ttmm 
foMiiseos ths tbsrseio si^eisiits ax« eisaist^ r aistixig^islmbxs 
at a i^ ilasett* i^aapo ex® ttsem paUm of tSip$ oi» emh i a ^:MI 
tlires t^ JSBAio ssfftalfi* Bac^ l«e is fMsaisffiiixlad, ^^aslatiiag 
of ee^ Qftf tl£i tTOi!)h{2i3tQrt tHo tmsmt^ tim t iMa and th& ftiset 
taiP80«|«i»tav8iis snaiai; in m etmt* Win atruotuve la sifsilar 
^ what lea 133911 doseribaa lay Arosa (19^ 9!^  in tJbta aavflitti 
|»^tpijin «f ^ f and f^ ifi'^ .t^ fM i^^  ^ein^i^ (Biv<I» 198t># 
At tlia isaaa af ttat pvolaga the tikin tarn lavjga felda 
vMeh baeaaa «oi» leeaniaazxl aa tha j^lmm groit ia aisa, 9h9if 
a«a psfofi^d vl*^ aataa a i l arar Hia atoffiaoa* l a tlia iawa 
<>^  &» ^^ '^'^ f^f Bird (192?) xaporta a«vaa ^aira of pxolaaa 
pxoviia< vitli aataa aai aia iiatyilmtaS aa aaoi^ HEita 8»7 aai 
taath ia tlia a%«oaii«a meHonh t& fi» litlllfllnili (MLiaat 19511 
•Mi lattdiA tp^A^ap CltilMt 1950 aiaiiaif diatyilaitiaJi af aataa 
baa iMa tapartai^ ftaroaqii {19^51 mparH tha pvaaaaaa af 
aavaa paim af pralaaa ia tha advanaai aalvya af Ji^  f * * r f T ' 
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I'wxiei^m^Umm <taa tvKBeffm (1964) also m^t% tli* fi«t«ae« of 
9m*rk pdf* ^ AtidonliMdt fti^p9ii4ii||t» SM tlio lUunm of y*FT^ fT*ff 
f^iBfma^ m ••gnoiits tooend Ito tba mnmw^h aafi toalli vM«b 
tli«3r oaaii 'eoaleal; 9»«Bde»i^ AIa*' fht vseoimm of f^olhridiiiii&o 
pro'vlio oa iixlsoi;*9«tiqir ostu^le of a otxuetoro «2ileh dovoXoyo 
l a tlii oa1aq7«^  and i« masxi»& m9V to %tm l«rvft Ixit iifltt:r 
tMcvlng Mim lost! izi liio iiifa tmmm no tuaiw ia tlto taod^  of 
'^liiormtloaB mOm oa tt^ foo^iag l»%lts of ttm fiamt 
iQotojf tsvm »hom thsrt ttsoidlljr i t starts fooaiag soon ofter 
batoMagf fts so tmm of m^ fiontoiduusei to ooea l a Hm eSL^m^ 
vogioa* fMm fj^ ot Uao also ^m&n s^iporloi l a ^MI adv&neod 
otftflo of ^m omlryo of ^ im^ff l ^ lavooti < I9^)* t t^ 
• i to ooS^ otoA fOi^  iooaias is ugooUf tlio na^roido of the 
loaf, fho i jofa tMum opoa tlio lonor «|d«tex«l» aa6 woiAm 
i to waj tlueottirh tlio mooilqriS. tonvias tho th$M ovi^mlo oa 
tho offooito oido iaiftot* Jk mmssx ixvm^kmf lieio to ittmm 
ooaood oa ^w ooopfaeo if!tioli tatov ffveiis iaio a Sasneo oao» 
SovorndL aiieii liotoo aojr ^ eamtA ia a oiasto loaf* fida 
liaMt is si«lia» to tim othov sawfLiss mttHtflj thess of 
jy&ililffiBElJI M I J I I A M U IflSilQtfeHl <flllK!l&HI ""^ JU jJMkUtftttiUUl "Ml 
«S9»«^« ^Mi iss (t95«)» 
flis sseoad iaotav Impm io ateat 9w6 aa loac aaft oao 
as ia Aiaasloiv Its daxmtioa t» also thzoo dsjfs* fins 
tnuMittioa tmn Urn f i » t to th« •«oeiiA Imtrnf in not wxlecA 
^f MUST ««iiKi3Eaia.« etaftaie i ^ o ^ in «!«•» 
Aftor 1 ^ ««eoiia malt %im thtvd imtar 2«yf» iiwuiiue>Mi 
oa an wrozmn^  10 K ia l«ngtb m& 1»9 sn la aiMeter* fNi 
Odva^ tda of tMs tnitair hm ti@«tn MKsorflod to tm hiel»«t ditilas 
IttXVil. l i f« ana «Kttiiid^ ttpto 4»P da^* Of iQl ist& trnm^im 
stagee the thir^ in»t«r iftrm and 1 ^ next folloifing hav* 
Ixidn ^mM to )» a»«t ia^t2^'(itiir« iitaiia of tho i^ n i^oat nanflsr 
IMS timy 'wtmiomBt:^ mmmm Ijaaem ^lantitj of irogatabio aatti^ 
^ni msme oonsiaox&Ulo ^tos^ to tito otsnains oi^ opo« fb# 
g^mxal oolo«6Lt|oa of ttm Isodsr do^ pono* flia tmaA %SO(»MO 
dfisko^ end tho hsiEirll^  oolomotiisid lalsnm ai^ poaxs edtamt 
%ll««^ « ^10 tliorasio %miB ^hltSx ^ mv imw ^ongatofi ap{>«&r 
daxle in ooXoir «« ooipkrod to ttoo prntitm* ftm tiMa and 
tayoaa Mmm» pim»s^ii vMto tha ftamr xwraiaa Hi^tar in 
ooloip* 
t» llatt Xaotanit 
fha fottrth and f i f ^ inatoiv differ from tlia pzovietta 
oaoa not only tik siaa tMt tha fifth imtm ia vaaaxkalfta for 
a Oliansa in ita foodins liaMta too (WU Zt tiff* 1»«*^  o^ A 89* 
A fniiy attaiiiMniad foarth imtar aaaaovia en an 
avaiaflo 1V15 m In lanetii and e «a in diaattor^ H takaa 
4 P ^ M W "^ IMF 
2»9 4ft9» to aelt* ifith tli» OITOJMU gKem^ tn tkm %(i4r th« 
apptaaii^s of ^ « Yailmitt lio ly ««pMBrt« tmrmmit mrmBpo^ 
QhiameitQri&ttmitf vwm$M 8l»yl luid stttafor tlumviliettt tli» 
iftifval tif«» *%« aatenaal 0Oi»lc9tft vmaias Uglify wliil.9 i ^ 
jTVot of «li0 €t^'Vmo^ morns' ^iik Wmi $ia <3@Zor» nm ImWim 
and mi}f^ itaii«m b«e9s« M^^ i!!^  «el9ro%is«d« f^ thoimeto i«ipi 
«X{i9pftliig fciBttr 8S0 now almost Maefe I s ooloir* 
f2i» ttfth, $jmtsr l&mm £@ tb@ tmt em of ^» ooriot 
with a vboirtsif itorc^toa lastisig t&w m €B^ or ti«o« It %m^ 
iMmtmstim otsQxvstiom as i t ps^ ^asvi^  it»olf to pass tisto 
ttm ii«xt otai^ of lif9«»lit«tor3K»tlio ppopoyft* In i t s ^stomal 
mwpholtigs^ i t i« not irerr ^At&sma^ tmm ttm ptvdgm i^tsip* 
ftm pzosimat e»u^ia^ i^mm 4*t««tlii of vMoh tlio eoooad 
io ttio loagoot* fiiQ tooth of t!ie eoadilfllwi mm b&eA end a&ile 
htmSs, %tlxi%» tim biioo mmaim He^me in oolor* fbo %««O09«Qelod 
lAMidL i^idl ADA 4*«ops(»itea oKtiSlaaey po3.fi statafl out pxoel* 
mtm,f fxoft tho ironlz«3L onA Iftto«a oiioo of tlw hiA<» 
fho Ottxt^ r f i f ^ inotur i» ftlaoBt 1$»l€ M IOQK oaA 
2 M» in Aiaaotosf oni Aeioo not titim any iMMPkofl diffoxonso 
fxo» tlM BOttiUft^ iaoBlo oMoimd f ^ a o f^lty gvoim flonrth 
motor* l^ tho tiao i t voooboo tho a i i a o of i t s Ufii» i t 
%o«ifii to olioxtQai 00 ft» to xoaoh a ooxiaBB of tO»1f «i 
^ • 
<Hff» l«»D* SinllAr «lioiftifl|ng Also taloNi |iiae« In ^m ftndL 
iimifty tovva of SMKIA^yiAmn ^ xwpoxttd tor Mlics Cft56| in 
vliteh i t is f»diio«a from i%%3 vm to tnult mu ta jU fffff^llfr 
tMs r^ooesd ^xeimt ttm 0iieoie«ff9 eoe^ntB olottr* ffMs is 
pii»tic»l«xly 0^dozil in %tm thormtc mA ih® aixloriov tSi^&wtimil 
i«>gtoa» 9i»i aziloi*ow|:iO»t@rlor <ioiQ?»S8Si4»n of tiss lavtft'^ ionuiie 
GftA tiio seooaa &\iiawimiX ssgpanto oeoexv in snob n lAsr tlmt 
the f l m t ft1)df»aiii8l w&mvit in vedHEftd %«tif«tzi iim tvo* i» m 
Minlt tboxQ is an sxeliiJig mQV of tiess segnonts oa tlb^ doxsfiSt 
silte* I t Is f i i^ ttm Bipsmnlk^me of tlioss sogsients etosoor 
to@ot$;^ x> on t l» iro2ifivo:L s i ^ I^Ms irliol« fvo^ss of sl303ft«»» 
tog is iatsx^aretsA boxe m a pral.ia&i»x!7 px«pax«tion for «» 
•ial»x«ts otmotitfiii r^sgcnisiatioa ^viog ttia pasiod i t iios 
•aeiot^d ifitbin ti&s ooeoon* Xt asy l)s poiodea out ttiat ths 
siieit^iiiiff of t m 1x»d2r I<mfftl& in ^ « last itiotav tazva of 
J^ «*««<«>ff is « pxsoooioiM filmisiss v b i ^ pits snyioxt tmn 
tlis olsszvatioiMi nslte iQr Miss (195€) en 13» last iastsr 
iarva of satffirt 2liElft t l ^ ^ ^ * Zn othor sairfliss* fov 
iastanssf fiftilAiMni tfr^lllTfflft C%il«a» t9?2a> slaoytsains 
ssflttvs dKriae tbs pesjnpkl stB«s# 
Bssiiss this slaangSf tlis f i f th iastar lawm ssasas 
to foad a»S is isss aetifs than ths jrsvieiis JUistKss^  flis 
fssAias liaMts of ths last iostav Sarva of Siuroysaa syivos 
•awfly (Btvdt 1997) ASi ItimmtllliBTi "*^ *^irff CMl«if 1f32ld 
ax« in «e<K}S*d ifith tba tlaatisgs of the i7i«8«2Xl «»lbo»» 
Hdl/Oft Cl^^f limf«t9r« x«port« tbat t t ^ iiaitar not only 
f6«^ Int id ft vo3»ei<m8 fee^ tar* Olit^rvatteiii of %im pc^mmA 
winter QUKW ttmt b^» fotta?^ Instor stoje Sm^m ^towm 
wovQ^tim ixi^o tTm fiflti instaif and seaaiiv nitboat food for 
tba (^ixtt p®«iod of snp&tton* for ttmt emse ttapoa tSid 
i&tir^ iziotar ^la to feod f^oxtsoiooat^  in ox^ ter to teiHd up a 
«*Qfiei*9e momm^ of onavis^  cmd i^ ad m v&v^ ^att'm lif»• fl^ 
fifth oi33 on t ^ oostvaxiir to a t itt io BVa^ah^ tmmwSm 
active in the lator past of ite lif9 vhen i t la oat in 
staamh of a e i^t&tae sit^ tov |^ pe.ti0n» Olworvatloai tm^ 
in tho fi^i^ ohm^  that notmalty i t ^m^nA» &mm the host 
ptMH^ and liaises itsimy thasong^  the «oft eoii shstst an inah 
heXotf the gurfeoe* In th9 lAhosiitox t^ aocpoyiiitnta}. tuhm 
fillod vith Qand nose psoiri^d into vhieh i t novoa in fmr 
pii|iktion« BoMftinis i t r«^t» O]^  a tMf of tfa« ho«t piiiJXl 
whieh otiolm to tho hodr fz&ia al i sidos And m «Q«o«n i» 
eea«tx«etftd inei^» stioh & ooo»on Hsinu « tuticins on th« 
ioftf maettum and mn aavilj )» dvtootad^ 
Aflor %»vinff it* v«y thxouffh tho eeft soil at a 
svtitali^ a ipiaoa vith tht hsif of i t s aaadiiaoa and foroXaffi 
ttm fifth isstMT lovfft 1U« ttotioiiiMs in th« 8«n«, Xf 
iistiurlMia at tlii« vtaffi i t !9»e(»Mi« mmmf ftm a ^MIM and 
th«ii scitttes aovn oaot opiia to pzvpuNi m a*lleat« eoooea 
a«ott»a i tet l t nitMn tm immt^ A f^ll^ fonsed oooooii irbtn 
epexi»d ehovtt a ettstoning vliit« and anoeth ausfaos fnm 
iitRi^» flaa outair imxfexia ia #iientatad with saod pfaim 
&QA yxaaazHa a ntiGff»4l eppaax^ ac^ * ft la aloit^ tad/iMMHittxlxis 
on en memm S nn ia l«i3glb» SaeiatiB^ i t ia frallav tiiaii 
t a» %ttt Ssaa nairar 1s«m temiA to «»»aaa 10 ais« Xta i^ ijraiaal 
imtava aoold not Im aataiai«ba4l idth eanamty* Oaaexell^ 
i t tan% t0 Im linttta gn iBBBis«latii»fi with a tiaaaia ai^litg 
i t into piea0»« s t i ^ t irajriatiaii in sisa of tha ooeean hoa 
&tm iMiaa ala«xvad oantaiMziis ptpm at lULffSMfaDt amcta* 
fhoaft eoslaiidng oalea ese asailar then the f^ saXoa* ^a 
mi3&m oiamrmtij&m &m in aaa^ yd vith thoaa of Wvrttm and 
Co|ipOl (1972) wlio tivfa repartea that imaeoii eontaias tha 
laalaa of plaa aairfljr mm analiov ia aiaa than thoaa of ftaalaa* 
mmt tvan^ that % ^ ff% wtOM aooooaa yaaa thxaan^ ai>o«tai> 
aiovaa ifhila tha xaaaiaiiiK 3*»tO!S irhieh faaa tioaai^ with 
tha alia aeaaoao imrariahl^ pm^m »m%% faaiAaa* Xt hat 
favthav htaa ehiaiiai that tha paxaaotafft of mmwaticm la 
ia highay in a«eh aoaoaaa vhiah a«a fo»ad la tha aaafi than 
thoao fb«a« hatMfl» tht laavaa* 
50 • 
Zt tiMi «lx<ta43r hmm, yetnl^d <yat that Atslafli nmsAmlbmt 
AHA Oetolitr t4n^swl«f« iPi»t«lliiii iff«i»t8 ttae laxva^ dtuwtiim 
Imt whim tht l c « ^ f«t«9«l» listo an •di t i t tia« %tit t i t t l e 
•£fft«t*tm^]f lalxirtttof^ ooniitioa atolag tfais feM.Qa tiio 
im^z8»»«ad xtlte mrmSLi^ l««titO daaf* of vbli^ th» t l i v t 
(Six dnpi sv» isoi^td m pmmw^ i^m^i&n sine* tor t l» 
et088 of tli9 sixth ifllasr t ^ iiuit larval iikiii is east off vilMtt 
tits eoeosii* fhs is»i?gi!^ iostaap is tlss |»9a <tl»sats tsi^It 
of Binloz^ wMeh s^i^s vitMti tim meo^n for oQetH^ 4 a&^ s 
aftsr vlsl<^ tbs l^ niiipo 9mveim» Htvizig ©xtiesss of tss^ posRi* 
torn in atum«r ei^ vintoir m n t ^ this tino»t&lto is ES^osti^  
aXt^vnH and ths pupsi l i f t 8oisotie»e oaetenas txpto osm mm^h* 
Wsem thss ^ tho tiz»dL Iai?v^ iastav bors^ i1» nitar 
into tho sdti t i l i Qffiox^ mso of tho iiB#»t tlis ooeoeias imm 
ttem o«t ma& opotisa after mwe^t H immm to s t a ^ ia^ c^tovaidL 
aovplxsOto^  eoid thii inrt^ ofiMlL. BtmiotuanNitt SoriidL sootioni wors 
ont in AiffifisBt pisaos to o t u ^ tlit vsMoailtins of tli« mofiotttt 
•tmotiuNNi* 
fifontr fottv tmaiB «flor inpstioa tht hsftd of liio 
pnynpft fwsoiiMss that of tin f i f th iaotsar latfrn in i ^ ftoasinii 
oBtliBs ( f i i i * 1 ^ sni ft»ll$» fhs pSffM&tation of tho hfts4 
imammm oa ths soooad day ospoeisllar oa tho irovtiK saA oioiiaA 
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tim oetsUi lint ts^mt on It uyamm&n tmw tim «ii%it» hm^ Oa 
tlio fifth iajf tim hmii aft^ami td imm atfaanctftd tcos %!&• 
tboveae %y m eoii»trl«rf«<l ntisle xvgioiv By tbt l i^ day i t aiwib* 
BM tli» foxn of th» ptpel liftiid (Fl0« IKX<)« lam muthpaxts 
l^ XGtyui* i^ai]»int3.9r e« tbay ^vov e»d tbo plg^totatton of 
etenffitlloi ijEmmem&* ftm taMsm and aisaeiileo vmmMn nvmiMh 
eM fiealsgr t)mm&mv^ tlioir dovotopwiit* Baoii enaetllft hmam 
4*ooipa»zsl«d vttli^ i fiiroetod t&mmr^ iMlo that of tho ioMtta 
hatt 3««o®9«afco osly* tlith tIm anivoloplnfir pxopipa tbo paipi 
GM ito ««gs0ixl» tmeooo tiiDf*» pxosimiH* Bie iit«ise»ta or 
l3t4»x?a:i ooi l i i lu^ e&ttii^ od in t^« GO@l@:r ooo^ots om o» 
aftoh oido of tbi bona* taoh oo«dl2ii« to oafrotui^^ ^ m ^B^^ty 
pigjQ&alroa am& of al»»st tuiifoifsi thtdmoao* fl» pi^ g^tozilod 
ol«a»2sl» of lito ooollJMi ttro eo ^mm t l»t i t ^poaam q.8ito 
iscfc i s tho laarvfti otaflai* As tlia taxira antoxs the f^popaS, 
Ufa thiva a^ paasni « ahamga tn tha oolor of tha oaaili vithlii 
tha fixat 84 }»njm <«a to tha 41aozii»l»stioa of tha ptfinaiil 
aaXi imiia* Bjr 46 heuxa tha ooxnaa hoisiaa to am a^av aa a 
at^me oivaaaat* l^tar i t vHmam eoa^iotaiy and haeoaaa vhita 
avvxoviiMI ^ tha lilai^ viae* fha antanna aoir poaaaaaao fliro 
•aga«aflMi« fbm pamXtiaata aasnant f<a«aiiia ooniaaS. thiontf^sitt 
tha iwpapapai Uf• nhila tha haaal aacatat laroadaaa ao that hgr 
tha onft of tha fifth day i t haooiwa iraxy pxoaiaaat aad aaaoao* 
ictaa tha iavalopiHi iaaginaa. aataam inai^ait 
m 40 
fthoTtoiitaff of tim ^4^ (t i« n » fi«» 0 » dniAiiiitljr liio 
the«9Bttl« x««lon to iwtoot oaiA 1»eoae» ftSNOsoa aoxvaiiy in 
tho lolo pi«|»p83t o1»ito«ii fofttttro 00 obsvftotorlotie of tba 
f m tbo segto^ a of tfso isaao* «D& wa^^imveasi ^ tho otid 
of tim tmrA ia r^ tlio ^m ps^ fm&&T. ^im oldLti ttooono Mstii3o» 
t:i;r irl»il3lii* ftio ttmm fftifs of t&ovaoJ^ a.®ii9 axo ttii^a;^ 
^gsonloi o:seoft ttio tmmat^ fbsro is no i^ps^iaiao olisaafo 
Sja t ^ lo^ig^ of tlia 2.01; dU3 i^]ii tisa fvofisr]^ pm$o^ ISm 
e€aeao of %ti@ ttioiTooio t o ^ of oip^oolt« oi^ EW aso ^lx«otod 
Ctot of "^o ton oe^s^ts of ^10 a^ do^ oa t l ^ ftnsit to 
toioooA ftuptiior nitli tls» xwmi't thoU tlio tliivS tliots^o 1«« 
o»d fSx^t pN»los l»mo on tlui oeoona aMoBdUiaaL ••snout ooa« 
oloso to oaiili otlMT* 9li« ^pfvoailnfttion of tl»oo ••^ soxxtes to 
nono p«oiiiaiio«i o» tlMi tonlxoi »ii» tliaii on tim di»nita> • • 
that t i» f irst mltioiBitial. soffnutl to •••mcHar vlsiVlo fvo» 
tho irontfol, • !#• CTIIEB* 8»X onC 8)* Ji^ oapt fkois the fibnitii 
tho foitowiaii tiro aoxo eoiOBOiittt •ink oiiglitlsr fv@ift tlw 
ivtaonO. I«««t of tli« a^ lbmoB oo timt tlio thonoc and 9^ikm»n 
mm mjmnjf «<nMvo»t«i fRo» oa^^ otb«r ia tiai inya* mm Umt 
9tMMiAxml oocsonl W&mm ^^ proyodwoM 
• 41 
flMi ftliAMiiaaai 9mV»m hmim n> fmiBttoti to pnvfom 
aon mm pan»«v«9«iir^r nitliixttifn waA mm fimOSy Umt »axim 
tha l«t« pmpiLiptA Itftt l«ftvisc aloisn Holdn of <^tii in i^ ljuit* 
St (sajr tM» r«ee3.3Led tlmt «host«iiliig of tlaa HoAy loagtli 
%M ^h» l«it tastiup lAmra ^^eh oontiatea in llhe pz9|iiq^ of 
i# f»*^ *-*»f to ft fn&^fsm 9l3ei?«a t^ otiuiir fis!^ ^lso# Ml<^ 
miMijB» mn&JLtim* l^  iifiiiela4 una wmsm^mA ^mpBeg^ tuw 
^ao %o«a x<»port«A ia '^ MI siwflyt J|» y^i^ gfjn CMioo* 1996) • 
By tho olo«« of t ^ fitxth iay a oplit te oloazvefi In 
tbo bt&d of tDo fmpam ^oz^ ^ ^ oi^emBial. a«1»%x« vliloli 
ei^es 1^ 9* for tlio tittad to pvoloet oirt fiXBt^  fot2o««d %ar tboiwac 
i^id sMoBstw %^« vfaot« fiveow i s aooo^panloi Hgr r^ovy (iloir 
pelaa^ne aovwiastits eaiS in 5^% brnvst ttlaMit tla«»i>foartli of 
tho pupa I»d3r 19 eziK)««4« fbo old otttioa* xwMiai loe««3llX 
ftttMbod to tht Hia^to vftsrt of th* l»Ay for ^lo nnct ona or 
two ymmm^ A jroixas I«9A to oreaa eoloamft* A o&nilar color 
XMto tp* (Bmaoot f9T0t nwmtfWTtrtifiMt a t l i t e <»—tteMi» i9S9) 
and i s tlNI yn^ of f?r?**TTi HfttUlMHik (B»9ifXl* 197l>* A 
fMoMjr «MW«oA i^ iMdL laody ao—tapn 9»7 MI in toocth (Pl»Zt 
f i t* ?«aK>« ?)M iMftft «Qil tli»T» «x« »«ipMr«%«« \i$ m HMk ir»|i«a» 
•«» 4 f 
fb» hmM «m9iftl.« ftpp««ni mtldiv en Him ww^mA t t i* 
att« t0 %li9 mtffvm of tli« iMQdllS»» ma& imWm y^m^ i^wmmw 
« » »«iEloa of tho toopoiiiid isno t» awiily plfi»B»t«a ona W^UOB 
out ta eoa(»8»t ttgiiitwt ttm vxMnmat ^mOiwrnsiA of tlio hmA 
eapottXo* a%«lr oist tiwrooMii vith tfao ftdnuadUae atft ai^ % 
tlk« 5r«.«iy of ^wO. Xtfo tt>«y attstn eowlAnfalfto oisa oo«i»s^ 
iag ianot of tl^ iat^nH aad a ttwaXt poartioa oa tlia AomtiX 
mat&m9^ fimm mp9 tlsmo ^ n a l ooi^ii oa ^lo liaad* oaa aoilm 
oaa tvo aal«va3U fb«&i* olsa l» irorr oai^ U* 
Of §3Lt tim boad opi^ ^ukieio ^^ aatomifto olioif ooaiidora^o 
^oagSKtioa aftor tho oofiiroio (ftg, $*I0* Sitlo oloi^tloa of 
^ 0 antoaaa i s aeio to aifoniiaa of tHa fataoi azstoanal anef^ata 
eft«p tiMi oUa iMio iMNm Oi»t ofr# Ito mw^mulk nwmsM mw 
tim&m miMtm^ Wm ooapo oi? INi fixaf Joiat to fittoa iato 
tlia aot^mol «oole«l» f^ poitiOlo la oaaltor tbaa idio o^po* 
ISia tMvd poipt to a noXtJUooeaoBtaft flociSilna* Xa a tvo diya 
olfl p ^ i« to U ^ t Ivona la eolov %oeoidiai iN«wv oa tho 9vi 
«aar aa« flasliy attRiao a mstk bXayolc «oXar» nalXur ooiov 
0immm U ta^ortoft la tlar ^npi of Xdrt» ap* (mmOm, $ff«>« 
Xa 1 ^ XunroX mOt pmpamX mUmm thm pooitloa of ^lo aatoaaiM 
vao <ioi»a»la1w«aX mt af^nr tlio oo^ io tlMgr ooao oXooar aa« a 
•aaXX ilatMM lo Xaf% iaiwtwtoa* 9iia XMnraX aa« pnmv^ 
•alaa pioooal oa tlw hooA aayoaXa cfo m mw pgrnm^ ia «ba 
• 43» 
«)iaiig» in tl i i vidtli of %hm tAtrnm im olwiUNii* i^i^ wadilAt 
yfliiwh ovigiimlljr ^A • ^WMO. |R»yt&oii wai A 4l«lli»t ianitov 
mroft wltli flmr tQ«th» xmt In $«ipa f^cvf^ dopi ii tvcmd IMWII misieai 
«iii ft eojoittfti diaftftl owa vitlk an wmtim wsEio* !^ti» t^vtli 
«p« }03t aaa tlitt isoieor veglom ot tlio tvo iMSdiDiwi imxiro in 
ft lisr tlwt thttts* poiatoa «aaii ftliio»t tottcdi oMh o^ior* flw 
nssaiitft tuns MMnaaBft t!3» fteaw of tfe» ft*a% app«aAiA«^  B«^ 
ftaiMltt}t9 Inaiip donn from tlio tfttftiidL mrsin of ttm mmnHvm 
fpoe tlio aa^fiov «nd pos^iwlor i^tiztft of ftif%lo«aLfttlo»»* tn 
a nttftjr ^eesgoi i^ pft iikm wm0iMm «m Ut^^ ivoim ifldoii 
gyftaaiAlj ttom ^i{»f»n t a a %tm99 ^ay$ ota ^apa #i« eoi^ftfti 
^8%!^ vofftoa tits3)8 ^QMk in eol«r« Baoli nucitla hm ft simll 
l^ xeaciiaia ^UPAO ftnS an oIoz)®»tftd s-Upao* fhft ftSftU tolMo of 
taftinift aafl gnaaa ava tfisootoA £i»vif«rte* tlia alx aagaaBtad 
Mxtllax?' paii^ oxiiiiaato from *^ itt la^nrai aidis of ^tm tM^pm 
moA thmm aHem vitb laMaX palpi 9S0|«at oat fxos tM anftevior 
fftaa of tim hm^ fba Xalaiai 9a3.pt ava ^mr oamoalad and 
flaalc fha paivaA pankglotaaa and a aadian gloasa* Dia pamk» 
glMtaa aiiA mam of wnciiia «ctaiiA apla ^ a aaaa l i n f l ^ flia 
•axiSaa and tha XaMtm vaniin aoft and divty i ^ t a in oolov 
ttnomifbont tba papal i i fa* 
flsoNmii^ iovt tho fixat disr of pupal l i f a thm tliovfti dooo 
m% oliev any ai«tt of pl«a«Btatioa« fxoa tli» saaond diar aauardi 
44« 
soin^ldgr <it th* tisomMiie w$$on of the Adait* 4 M«l}.«4 
•1«^ 0f tbo «Kt«mii mviUmtoey of tlit iNtsttl fDens TwwmCLwB 
twfnim'iogr fbv tbo foUoninir dmrofiptton* 
f^ t«ot^«ia( im «mU iAiil« %h« a«ootl)oinoc In ^m 
laXigMitf iHvljil.'liiio tsD^ o & Iw&ftd idLineftius s n i Ht nanrani pcwW 
i« t^sfittPOttltd eloistjr ^ o to tlio gffl»to*«0ix%oit«r eiftiix«t 31^ 
luitwrioif imgloii l« ootHftitt* fbi sv^ iyiui eutitxio in tho tMme^ 
aidfllo postion axidi paxvpei^^ m^wem on lAt«»i3^  siaim of 
aiiiitrtsmiji Bam quit* oioear in ttm mw^ 
Tim ms^ei^tmsm titm an orxltxior sotaiiotaa a»a « poot^ 
ftoi' fltimtniat Bo^ pweto mm in iam t^im ^  aszzov i^ l»t«8 
ptmmH tmmmTma^» fb» mtow of tlio a«latli»xax la i i i ^ 
%xoiiii i s eaxiy lOfiif ilmpvm nmt diar and tBoeoaoo wtdiS^h 
l«oim vMoD fimiijr turn iliaoot mMk (n* X» f i ^ >*ot 
?!• l i t ilti^ t ) , 
flio Hm pftltar asNi l»ff ilkat ofa^o fioolsigr awaoo 
luuiiine tmm^y txmm «MI oidto of jrUvothoviae Ctl* X* H«»5<»1l 
»»< !> * fbogr aooMSNi alxwit S»f w in tmiUi* fN foiAoi 
ifiaii A» not ifhov any piiaiixfeatioii oa tlw fi««t a^ r* A div* 
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%m^t9 ^«jr mppmx teiic^r «B4 on t te tislrd ^ of fttpal Hf• 
•tx««lai on flit svorllMftt «• •••n tlwowiii tnuAiyeywal p^pttl 
oov*rlnfft ytpxivtnl t]k» irtntttion of t!a» vim* M» plgMitlstioa 
tii0V»a««» thft viJogB tMn ottt «ad iMoomi mm0mmmm» mmmmeim 
a^oitt 9 m In S««gtli« 
flm thmm fil3m of ttiovaeie tm» of fivi liipik «v« ctontil* 
itoimMjT ilffWfftixl f^B tlio»« of th& ittrvftt not oai^ r IA tl2«lif 
9 l ^ Int also i a tho tttBli«r of «o«s)c»i«afe tmm&ttte ^ iXnh Is 
aoa%ld ths mm^me otilalasA la ^i^ litxim* Sttoh l«g eossitti of 
a lovil, oonkf "l^ peMBliaaiMft ftmo^t flMat fistxiiao ttofi Dgt%^ tfui?€!Ott* 
flw t»e)i«al«r la tb« 8aili«0% |oia^ pamvoal iNilifooa Htm mjm 
•aA foflOBT, flio liHoir t« ojrlliBineAl ia team aa^ vliito ia ooior* 
fim ttu» la tiMi lea«i«% of aH 1 ^ las stSMOlo (ft* X» flic* 4 ) • 
I t %M ^mwSmt ttrlaixy* flw atact followliig taaeial ta^ioa 
%mam fivo ^KStmmmm* kt ttm H^LgtaJl «ai i» tlit seratwewMi* Xt 
litginnint tlMi la« la viiif • immadm WjmU W f^ tMUrd a«ar« flia 
luui a XlnililiV yvoxiaO. aaA teste diotaX pari* 
Aftov «tt<|vla %li« atiAonia laiini tflvly vlAfa i^oh iNtvos 
yallowiaa avEt injp* fho ^taiia IMM a l i t t i o ooamKity vbila 
tiMi Tanltv Is flal* fbmm la ao tiaaa of ai^ r ipxoi««i l a tim 
miit0mmu fim f l » t 99smm U wem^ly mmamA UwAm tJMi 
fllO f«Ha« •MlBtZI id t«3r8» Idttll dMClC 90I.OIW4I flVifOtitolT* 
vlKin irt«if«a latiffiitlr* 
Bliiiloii <1966) lam giir«a a <l»tal.a.Qd acsimitixl of ^m 
mdolt* AQcso«tl»ai to bin tht ati^iraii eomists of «oai|^ t«t8 mni 
stgsNuils in tlie »31«B eaaA &mm in ^ « f«»Bl.«o« ^im taolli 
MMle ttm xOMh segissot in tim taeUm mii& d«v«i3Elb in fwmlm 
fexm tli9 e»i%KS9i3ital iatat«3* 
tn the inpi '^ sdsTt mm tan falm of 8pi3»oi@ti ptaosd 
dom&mt&'^fgimilf on thft tamiii tmsktn^^ two of thorn ax<o on tli« 
tboiNMiie srogloii iMto t l» X'sst as« 80«a fcom ISUmt to tlio 
fbo foxnnp oyotoa of olftooli^ofttioii of impM was teooA 
ea wliotlwv ev ant luiloxiaMt acm i^poylMt vliifl» and ia i i axw 
aoldaxad ov aaaoaieivily attaahaft to Hia IBO^ of ^ » impa* 
Baaad on tliia aritayion tba iaaaot inpaa vava alaaaifiaA m 
axaxata (af^ a^afiiMioa not aolflasaO and oMaet yfopaa (aoaa oy 
alt afs>iiite«aa iMVtly or wteliy aoldaiafl to tha lK>4y iiaU) • 
Hfm aoaaiatata ia aaai f»9 lupaa of tlia Mgliar Mptaam ant ara 
anataaai in tlui iMuritr akin of ^ a tliiiNl inatar laxva# 
Binloii (t94IS) iDcparcsata mmtpmmmnk wXkh %MM m^ «f 
eiimii^QtttSeit ixN}«n«« t l eonetsSii oat Sj^evtanl vetat vift* 
%lMk pmmmmm of fttaoHiQiiiI niadittlMi in iAm mm fvtsltttt 
ospdiyii iAi«»i pipm mm &emp9& tos«t]&«r «&th thM« of tlm 
M^boif oritam, Kmfs>im tixiM poinl in viiv lio hm iwopoMi tlko 
ti^ nn p:m ^weHoa foi^  1;bo»o i^ttli fiiii8%t&iii& mnaiiaoB mnA pipi 
a^ NNSttoa £d3f tDoiie irMoh ISKVO miwfkiiie^otisaL 8niiail>l.«i« 
stadloe on tlm pup^ of ^ !*rm*«f and it« mmegsmm 
tmn ^^ ooeoon vliov ^ ^ tl» AplMmdogtit ajra not BQl^SmmM to 
ttio tio^ i9alt CPi* I* 1S^ » 3»Cf^  ana tint tlio mnailftoe a»» 
fonotioniA m tlionn 1|f i t s aodo of onoirgonoo f%om tiso eoooon* 
It l«8 iNMn ol»oinnid l^ mt at tim tixm ei ontrsg^noo n noat 
tottnS ftpiortitiMi to eati tlisona^ tlio eoooon totiav^ tht hmA «nd« 
As oooa at i t i s dona tha iMnS iMigim to i^loot out mnA ^Hm 
nppon^ n^ M mim %9d«iay« tftn t ^ p^rt of tim tovm^mm aloo 
l^ iro|«6t« Old* Bnsiia on ttiooa ol«i«natioaB ^lo fitpn of 
^ ^o * 
ininn WW iiiwiiwiiiiiiJiiiiiiiiiiriiiiminiiwiiim m»mmmmmmmmmmm0mmmmmm>m0mmmmtmmi>imm> 
%h» etmmm in f^tm of tkm iQ««0t Itody* In tlui BoloiMit«)»ol<m8 
ethaxmv ^spim ^ ^ &i^«vmMts^%0& of «!i«nMitifftiitl« «aBlt 
»tzii«t^3f«»* tiranciiNhil^ ftBiHi and lirftaom (19^) in tlwiv tiKjfle 
on t!i0 villeit sftufl^ r* FHinlfllla fffffffl^ ft Dttftt m^9Tmi€ to atjlaairt 
tim <i^ lff^ »}ist opiMem &mmmUy htHA Ijgr nei^ cisro la wmpmt of 
thd «iQl« of tpl^^anlft* aot groiip advuieAtdo m d&xvot eonr^niioa 
fsr&m tto larval t<) lliit liMigliwI ltDpedianBiA 9M 1 ^ otli«p 
•«8i?Mt» tiiftt 8«^n»«$iidat« i® ^fiff«v«»t}jr ^tfiif««ta^ in 
diff«««tit pttrts of lijrpoatinKUl tlaeoitii^  ^g^iiiwttva proeaseta 
in on* JwgSon wM m«m9imti»n in Him «4J«0«nt p«yt»* I n 
fiy^».i^ <l^  tilt aviawQeo im in umppett of tlMi f&mmt ^fim in iMeh 
%9M mmm U r m l 9wmxm iw^fm and Aimal lAaaAi) avo OaalvoyaA 
mxim ^Bm aottitta of Miaaoi^oola ma oa3jr a f ^ taaidiial 
ermm immsmoA ayoat vii^ni* ovi^oai^nr) ittolof tmm iwaidnat 
dioaa* 9ha tmt of tto b^itoaonla Ittffivanlia'loa *lo siira vlaa 
to tlM oonpoepoiidlnff pavto of tho iaitfe* 
1» flia 8«a« ii9paii4Nroai 
( i ) flio juemomiai Xa 4liiL&» i s » i i » »» aoyamto oaivyoiiia 
oaila oar taajlnal ilao fsy tlio 4tv«lo]«oai of antoima Is 
» 49 «* 
«1»«3fv»d ia ttm v&c laity of t&e larval ap]Miaaa««» fk« imsliiil 
aat«aaa i« atsmatli^  foimid lir ttm aotlvltjr af a part at tba 
ItirpodofMla at tlio liaaa af ttia iarvnl aiitieitiii* fliia liaryodciala 
Sa «entigitoiit with tha ^aaxal l^ sryo^ iimia of 1^ baad mgUm^ 
MM ttm mm aoleaaa ^eXm ta fava ia tli« £t>arth iaatar larm 
tli@ lifpolsmla af tlie IHIMH iiast tiidolcf ai» ita mtia emv 
X&ssmT in alta aa ^w&um^ vitSi tlto»a at ti»i aa^ aa«txt! h^tpo^mnSm 
^ ths feiartli iaatar paoaaa iixtta tba fiftht ^m liarpo^  
^fista at ttio i3aae of tli^ astanoa tioaasiitt luotiva «Q 8» to 
pm&mm tmem i»@%@r of ^ i ia fa»lag a Aistiiait tMekaaiiw 
ia tide r^diaiu Sooa tija thielc«aad part ^mUm to inragimta 
to foi» a saa^iilca atxaatora CFi* XXXt Fig* 101 fl» 27t Fl^«1^ 
ifbioh baa tiMA dosijpiataa as laripeaiai saa lisr Iiraaoirai»Kaafui 
aaA Xvaaemi (19<^)* litis in^zo^th oaxviaa slons vith it tba 
adjaoaxit past of tba hjrpo^xnla wM^ la xafisotafl aattrarOB 
aa tlis pavipoaisl asalnans* flm otfila aeqpoaiaK ^am psxtpodiai 
•salwaas ava irsxy aMdl aa etm^msmfl to ths eolia i» tha thi«ie» 
aasA psriyotfiil saa ia vMi^ they ars elosiili' iwolEad* Ifasii* 
wbiia tilt hiatal asXia of tlia lainral aatsana litsiii to 
Aisexigaaias itU X?» fis* tS)* Xn a tuo da^ a old pxaiMpa 
asila fsaa Hia invsffiastad psrt hsgia to psaiilszata eoiia 
ia thia ftlatal. sasioa (fi«» 14). It ia tfaasa oslia vM«li vi i l 
fans tha Um^iml aatsaaa lyim irithia tha laxval akia. At 
mt S© m 
vMeh mtt» mm& Ulatsljtjr to foam %h& ««tittof^ fti^poPKHii of 
t!i8 inetgiml. asteiiiia tpH* ISf# fit* ID* Bst«« ^iSs «ft 
tumt muB. 9lQ»g»t«i9 i»t io list txMiiit ftn^r mm^&^mf avfanKt* 
adilttda of mm mm^''^^ ^Mm« %mA ^ f e l i mieiii tto«w^v«« 
mxtimmm* At %l»i t i ^ of %mrv^3bi»pQ,p^ m0!$&lm tM iMmimil 
eoffip&nsnti! (Ki^tsl^s lieeti^ nHma^ MfftimifllKt#d« It low 
mmtt df wMeli tiao euitsimat <»»« dlfissr t<^ E«tli@r $m mmiasm^ 
tG tita pcii4tl«rit ttmf eee^if Sa t!i» !l«rvft* 
la aaiai idth ttm eWtwmtUm of f««iiQirai*I«giw anS Xvmiova 
(19^) &a tiM •it^ *^ !*^  ^yi||.«yfl| fmrtTffif- fkm wteio ««iPi9t of 
el^aiii^ do not ittdltt»t» 1 ^ fx^soaeo of snsr svteifie mgian 
vMiib eeml^  Iso eonsidovaa tm an iasirtnaa. Ihid l^ af tim aiittiiiWft 
t t i« ^tt Ib r^poiomio fyim the l3M« of -»» 3»rval antoiuift wMoli 
Kiiros vino to «l««oiil« that ooastituto tbo tanflnal otiuetitro 
ani i t eim 1i« oi^oir eoaolndod tlsat mx tiioso ebaagoo s^t 
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t&fpfthtof ooastit«rt« iMitanorpNte moTgiaAmi^ien vtMmr ttmn «i:qr 
m%%v9 itmgirmt Imd in ttm wMtmmof mgktn* ftmnm e\tmv9m%ijKm§ 
§a» bowmrw$ mttn awnmsme^ vith Vm fiv&i3m» of Bs«a tt999) 
^n £ l i l ^ f^fT*f«*t.af^ i in %iid,e^ eftst a atstiaettve IwagLtml AiM 
for tbo aattam tias ^ma d»eerit»d« ftil« toaeiaaSL 0%M9 hammm 
ttctive Qua tiKB imgiiail. anteisna ttttgina to tovm tm ««aeljr as tbs 
first instar Ime^m twm. '^im hypoiBmrni^mtt ttd^conSse aisz«ouii» 
aiDg tba e^iaa ealta* Xa ^  ffpea^ff^ m txaea of any asla^iiia 
ealta lit aviaoiJt in the aai^ jr larval ategedf i t ie only in tli« 
fo«dr^ inataif timt tha ij^poikimtik aotiirity i s disaavaaltle ana 
fnoB tilia iftaga oimairdB tlia Savalopisaisl of ina^laial aiat^ ima 
ean \m f olloiiad* 
Cii) flit taatltt;! Apj^ zi^ tegmit &» mm*^ tba ^iiatl^ app«i3u» 
b^Mliaa i t eay lie poiisfead oat ^mt t l^ iaanrai appaaSagaa axa 
H^ aMOd oa to tlia paptk vith oomiiaxaMa ebaaga in aiia t l^v^ 
• l i i ^ nettflaaliea ia faz«» la tl» fifth iastar larva aloae 
tha aaz^iat anA tha bssas of tha snathal appaateges siaia 
Bpaoial aantTM of msaaaratioa ava <vi8i1»la« Zt la htm 
that the l^ffoteraal. aotivitjr ia iataasa* fha harpodomia 
thiolcaiia (l^ t* I7t !*!«• 15) fvoa whiah om eaXla axa pKoii-* 
faratad whiah foliov the aatar aazBiaB of aU tha appanaeiea 
azeayl tha aaadil)3a«» Bare the hypoltoxnal eelle do net foltair 
tha dandala ^etai wuegiii of tha lerval appeadacat ioataatf 
iaaglml iaeneita«» am curv^a in & ««ar th«( tti«iv i^inlta 
Bxam «m <3loB«il9r G p^ised* fbo teo^h diea^pvav and in this 
plao9 i« soon a oll^tlj^ «0ry»t«d imfsgia* such is the tovB 
that the fianaiM^s eotpiz® &t%9T the last larral skin IIM 
hmn <m&t^ off* iHsliar iimtital appeaieiEeo ^ i3ot c^ a^ sgeo stidtu 
f h0 isiii|j«7 of eegBQists iaexeaae in XaMai a@ well as in 
also reporlad a street tvassBiaaion of tbeao appsn^gas fapom 
tho laxira to tbo issmsiOm f^ lis^doxmia thielconi and sbova 
oitotio aotivity vMo2t tsltimtoiir TOaow* tiio gaatbal appeii* 
dafi^ ds wittont anar partioutas? isodifioation in abapo* Ssaa 
(t9$3)» honavovt roporte the px*aaenoe of dtatinot i@agini3L 
disHsa of all ttm gnathal apponda^ sa aKoept tlio man^ltles 
vMoh ax« vaatigial in the aaa3.t* 
2 , fha fhoiMie ]&««»» 
XA Athati^ Tff«<«ff. the ttehavioi* of hsfpo&BmiiB iaxim 
»ataaoxpl»ais aleaaij vtaemlfltea that deaevihei for £^ ft^wffptatt. 
nMxt ia m JMaginei lud of thomeie lac in j|^ « fofwyiy end the 
iavwa ier ia aoarevted into the iaaftinal one ihxoni^ progm» 
aaifa wAifieatiaa* 9he thovaoie ieg apto the fifth inetar 
lawa doaa not ehow tm deKonemtiira aetivitj either in the 
hjrpoitiRBia or in ita aaaeid.atttre iftm • • fis« 15)* Boneverir 
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in tho tteoBA teg ••smut of tt» lATva aaS tlw tlttrdt on* 
psix* «aeh of hin^ asvBttX izmraginatloa !• iri8i%l^ » whoa «•»•» 
l^llly foU»if«d this pari me fmoBt to »i9»Mi«]it ttm diffixva* 
tiatioa e«islv» of tim imesimCL !•«« !%• smte^ it paaet tliif^«ai« 
Tim vmtim of IMM iovrngiimtoi •«•« SSKI laxieo anS oloopitoa 
idlth laai^  intofeoxmiaif ttpsooo* Most of tlio «@lls om 
himmtjm^% tn* «^ fl«« 1i)« AlttK»M^ no laitotis figare imi 
t«on ol»(«fir9A i s tiso mgSion Imt tbo esttiag of e«li0 iiidi«ato» 
tbst fiitotio astiirit^r hoa xeeonfely ooemnrod* Bxe«ptitig this* 
^imt!& »emm to be no otiioir dlimim i^ tho larval t«8» at tho 
fifth ii^tosf fltago* 
%t9ia^y foitr houfo aftor tiio laxira gooo trndorgvotiM tho 
first oviaomo of histol^io of tho log ittoel«e hooosflo ftppo* 
voat» fhe wmeln tHamtt tMn otxt* oo&ttor and finoUir 
aioappoRT* Xa « tuo 9^m old propupA no txeeo of ear laanril 
log wselos la mm$n anjrvhftxo in tho appoii^ NE»# jjEio^or 
mHoailEalilo tfhango that oetnx* Mrlm this period i« that tho 
whot« of thft 1«K appaiifflBffo when atainid vith BaoBatoae^ lin sad 
Seoia •taifl* honogiBioottsly oiUI pi<iia up a pixflcieh hi^f thare 
ymirn ao trao« of angr etruotara in tho holloir of tho app»i»lNtt« 
Oalj tht hypod r^aal llmiiag ataiaa do^ ply* 9hi0 pooaliaar 
•tainiag r»aetioa has hooa iiiliarprttt«d hum as dita to tho 
fiUiag ap of tho •atity of tho !•« h^r aoao kina of a fluid 
to flsailitata O«1K«<|IWIXI aovsaont of aossnohgfas oolla for lli« 
%7 tbft fiBi0t timt in a fiiNi d&^ old pa?9|tt3^  the Ug fssvit^ 
wMth iHMi tfsveii of Qiiar <itfltii3.ft3P etewBis m3tU»v Is now 
tloodsd with wlimAs% mBmxiiijfm mX%a excm^Am thmmtfi'wwn to 
fovm Sflir nuftolo fltores of Hio iaagtmi itg <H« ?# Hg* I?}* 
f& tl»» pais^i !};sr^ defis&l thtolseiiti^ fosming tlio 
difftts^ntiatSoa oaixlsoe &oti<«# ooUl parotlfozwtioa otasts* 
*^hm m%t» npsm^ ^^frnf m that tli^ savfaoo aipoa teeoiaoo eai^ toiv 
stvo and tiid Is^ rpodoxoSa tsecois^ m&VQroX Igxs^m tMels <P3.« VZ« 
fig# 1@)« ^foTO tim iMaemX otttielo £® ftmaLt^ oast offt tho 
Is&ffliiaa. io@ li&a assamsS &m oloi^tod foiB irttb tvfEP(33ir93?@o 
s o s ^ s3$Eiiig t$B jpooitlaii of potato of tba i^ selonsi log 
sog?;ii!x^ o« t l» taa^Lnai imtielo €o?9lOfo fi»o boiip on i t s 
metevml oaxfaoe and tlio "^po^tr&la l3^o»os einBlo^lavovod 
CKL* TI» 9tg» 19)« fte log in 6 SToting p«tpa io oSjeot vbito 
in OQlor iivoloplas later i ts tmoal pigMxieatioa» 
Hoot of tbo Hjmomirttva i^ iooo poot^ osliv^miiiQ aotolo]^ 
Mat IMM Ixion stQdiofi torn ^otiolato toTm vtiioh tjrpieally 
IkAYO loglooo loarvao* Za tteso mtms tho isegiiml log aovolopo 
fyoa ttso imigiiiai diseo •itoatod oa tb» voatfal oaxfaoo of tlio 
tlioyaoio aogaoato* la oaiif lios* oa the other Ijaad* th« larvao 
INNUP thoxaolo lego whiolit dovolo^ la tikt oalv f^o aad art oanfiod 
ovor to tbtt lami* As stteh ao dogeaoratlve proooi» Is o%sorvod 
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eantws ^v«lop into iasgizMa %m» ^ « liiseidystiivi of the i«0 
thd^ tsako Dt» !99Sti«m of ttm histot^U of tim 2&3?va3L »t8ei«» 
nMoli £0 t^ito in evidtaoo in JU 
fkm woxfe of Ein <t959^ on tim ^smls/pmt^ of tHo adalt 
1L®t ^- ^liaBla ilMWgflgii i« sowi ©Iftterato ana i s emirportoa 1^ 
mepQieiw&a^mt mt^isma^ fim eo^titaoo of tav^ l^ opsBStst of tlio 
Siffartsliatiog eezstses iii as foUoim* Aftor tb@ %ast lai^ vml 
^ I t tim c^iSessSs on tt20 oiitezBidi of tim th&rA G&m&^ of 
tim leg iiB 9hown to i^soss oloiig«l«d ooIXs vitli aanar isto»» 
oolinlAr ai^eoo^ %t^mt fmotimit ooiilzw io tG&M in th@ sooond 
oo^exinl* then « thir^ i^ no ftp!ipiHi3?» liotiroon tMrd watt temeth 
fiti^onto and finslljr txitiraon nmmM ma tMra o^csentft* '9»i»«o 
diffoxoiHiation mt^voB giiro riso to ^« ioAglnRi i«f# 116 
8Q0I1 oeq^ ttonoo of dsvolopMnt i t olvomrod In J^ |?mT^ «Tir 
9« 9 ^ Bovolofttftnt of tfinpit 
fbo ftkin of ^-^^l^ TT*^ *rff iAinrm io Mehly foi4«4 anfi 
wvlaiaoi. 1%is fo«ttix« tflono oiia««o eonii<3oxii1il« diffioni^ 
in tim idontifieation of tlio init ial otai^ Ni of Vm vim <tov»» 
lo|Mi«t» Xn oewpariaon id ill OOMI fo»i» of ifOpidsytoyat in 
fo i i i t««#i to ft ftels* isppoiwljeii tlaat t l» ifing In ^ t^^i^iy 
i« of eikdetailMd fodiinoiilftt* ty^t* ^ r ttm nmm ipaa»oit tlw 
CXi»u39V&»ltesa« a»A WmrnvBt f9H) ixi «os» dstaii ^c^ l^e asas 
€iffitmit^^ vim mumwcOMmt timm alito* 
Ikuotitor lB|»i^ t@tx{i fact i n ifMcli this tanflsr di f fe» 
from tins i;ftpta&f(fc«f« is i^ fact tbat fb@ :diari9it stgae of %i23ig 
Xi«rpiSoipt0»ii ^m ning !»% mm noticed maoh ^upti^f* In 
4» lyrai^ BH tb9 exowAlng of tis&m psrtimHoxly f ^  o«3.lii &t 
%h9 «i^« of wing iB^«{i il^n^tifloatioa of •a«ii»y @tage« 
tfiffieiilt* %a,t9v «t8«Mi of l^olopi^ilr of vim$ hovwrnT^ earn 
^itito di9tiiiQt and oovfwipoiil in •Mwn i^aS. fm& z^roe nitli tli« 
doserifHon glvoii % Xvaa9oiraN*lB»6ii «iiA Xtiuaova (19^) in fWliitffi-
In ttm f i f lU iavtar l&wa tlio viag ftt^ JimiH i t 4iffi»» 
•iiliAt«a • • «» ianytiaatoa looi^  of tUo liypoAoxnis en oitlaor 
oSAt of thi aMio«> ttiii aotttthozAK* 1% ooaoiotsof n i i i i i « 
thiikoiiti yast Mswrnxi^ fttNmt 9$ «iovG»i* IEIMI ooUji 4iiri4» 
AHA aiM 4i«t9i1nt«i ia i«vw»i rmm s io^ tht viAtb (f i« TZ* 
f ie* iO)* flMi p«yi9o4tl«& wmOmaim wMolai ^ Miii otit fsos tlm 
llti the f i f t l i tnstar lM»f& & -ptaet et tb» inmginoflioii 
«iraieii2act«9 to £:S:7« x^ sff to tim Ming Ixid* 2a tla» e&ti^ r provupal 
9 t8^ tiie wiopi @v92t «ut (ia» VXf H&* 21)« fli« tlii^«iuid 
porttoa 92* ti)9 i»di&Bi]t of vi»@ p:rep@r ^e&Joets oiat wblit tli* 
poxl9o6iel laemtn^ im Cfl^is* S!0«ei) idtt©r mxvim o l is^Iy nior 
Islemt oid«i« T9malkm est tho l36a«« S@f&«« oveznioii tiwjr Uo 
tiiitlHii tli9 %&^-mc9ltf l}tst tiEter COM to l id oa tho ontor a i i t 
of ^^1© tjofly-wall oovo e^a over tgr csttettla* oov^ afing oaa sasa 
kmmn m ^im jMst t i ^ vim m^ '^« voetioa la in 3^0 f oi» 
of a 08C WOBMW at ^lo t>i»e ana aliioot eoiJioal at m& apix* 
fho tMe^nawB of ^im Usmttjm i« not isuoiforis* At aoai pS^ aooa 
i t im oaljr S7 »iovo»8 ^Mle aAlaoont to i t i t imr tldi^an up^ 
4 i mievom* ftio tiro laiaoilao div^iiiiig tonayds tl»i teaa 
oeaaiitA of ooila vMtsh mm epiJsaim^tmvft^ cm.tm t^ xoncliottt 
tlui i ^ i « i<imgtli of oaeh laatflia oloasalo iroartieallj i» & weuf 
tliat theoa of ovpooito siaoo ax« aix»tftod tovavte oaoh othov 
( n * THf tiff* at)* 
Aa sxotfth p»i«y«aa«i tho lananaa of tha two sidaa 
ooaa eloaay to aaali o^Mir amS «itiaal«Lar tht thiiicaiiai poytioai 
of tha opvvaita ai^a nsita to fom a mwmn laaaaeiit manlWBZia* 
favW of i^ laMllaa vliieh mm Umm thiekanaA f a i l to 0» ao 
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«o th&t tjoxm Bpstmn nv laeum« m9 towmA in.* VHf He* 25)• 
flw %i«iielMB tmm tlm m$A tw&^txm m:tmiiL tMo tbtM 3«eiiiiAt* 
SoM isotatttd %mM9Tixm ($®Us axv also soeii in thiM^ «pftOi« 
(Hg* SSI* 3ledL|r (19$4) v«90i?t8 in em% of toonflor^MMi tlist son* 
of ttias« laeimag fsttzse tls» ffttativ® position of tbo wing ireias 
ia fli0 &#ci3;1(c 
9lia^3jr So9ft9!]o€ f » » tim Iso^vati undir vMoii t!» wing ^aSm 
&sm oootimoiHil? otoises^ii^ and UMim ^ speiso to g»ov i»f 
tl^ S^ tjogin to fotd upon t^issolir^* Bxtoi^aalljr thojr apposi? 
mt floilQr i»)d opa^l^ fia9» immiM %M^9m3X$^ from tho ei^ l«» 
of ttm @t jo» ea^ waite^tmvmB a l i t ^ o aliovo tlio tboxcioio logi 
CPX« irXXf Hg* @4)« Xt tuts liioii aotiood in aootioni tkit 
vhii9 tl)ox« io rapid liior«aa« tn tlM longth of ttis vines tlioiv 
vidth ooi«»tipeiidi»iEi3r dooxvaaae «pto 67 niisroni and l o ^ Ulsa 
iong mXma0»v Al«itat» pxooasaoa CFi* THt Tign 0 } * Anotliar 
elsanga wlii<^ mmam dmfine tMa poxiod of dsvaiapaant is tliat 
tlto iiieiai of tho aoils in tha laaaila wow diataUjr tovaifda 
ttM aaxvia anft fom a mat roir ovar tbara* flia aoila aaaA oat 
tang protopiaaila i^ maaaata vMali root open tha tawaaanl MMBlVKBa 
< n * ?nx» Fig* i f ) * Karaav (19^0) in £iiCiA JIMMk. tamad 
thaaa psmoaaaaa aa hypodaiRBai piiXara* I n tetifoan ^ I M O t a l l 
aalla aava or laaa naiforB apaaaa ara aaan* fha iMginal 
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f N gxovth of ^ « v i i^ i» y&fid <laxtiie 91^9^ lif«« fit 
a tim aa^ e%& |Rix^ i t as^ peam lilgiay f ol^fl «k»iS <»Pe9»»ttlc« 
la sppaazttneo tn eeetioDs ( H * ?IIX« Stg* SttSSS^* I t« tliiiileitMft 
10 furtl^if mMm^ msmmim alioixt H MiOSfoaBft flui «iiYf«0tt of 
tbd wtn^ MM sttiaaia with e£liitt« pxo|90tloiiii vaisdd on amlAar 
liMHWft fliast aim t»it« setat ov »Msxotrlo}il« <fl* THZt ?ie»S9^« 
3to t l ^ £t83et tw'eizlF ^^^ to fbri?tir o ia^ Donani tl}9 I^JD^ 
^ammvm s^^o T^i^vm^ to a%oiN» ai» vtsifedt in t i ^ foiaci4 
tfiafft Bofoxv vmmeism the eittsiljpuaolm wiitgi %o^ ato^et 
%2a«ic in oo2«r Int 9x9 e t i l i t o l ^ ^ At ttm tins of oeiexjcaiiB* 
th9 vim pae^tj aaep»a<li imt aaaiiaQa &to noiwril fona tvo oif 
tiapoa Imim afteir «iizitiiQa» 
fxoK tlftt littyat»v» on viog ^valaiaaBt i a RarMiiosilaffa 
i t av9tftx« that %ot!i fvaii0Va»KiaaBa aui Xfaaiyva (19^4) !& 
fr^ TtfWiffl Mxft D^i^ sr C19^) in tiia Itoxta l^iet hmm giiNHH dttaila 
of latay davatoymat of tbt vinff v2dob are bvoattr la m90V^ 
iritli tht eliaainnitiaiit »ada ea 4* nfinffrf-
60« 
mm mttmit&mX «vmxiiM»Migm et tint vaJtxm^mBr mmji 
i n tim i^iamt to jCenv^ h laxv^ itiit«r t» mam «r 1 « M ei«l3iur 
nate9j0im such aifS)»»«»!Mtt nHleli «r« ustdeliit^A with th# 
pTnoiiti f^ g»Dvtli# fbi9 tWih imtev aiarvat laemvt9V9 im 
mmaakm^^ fie»r i t i mtmoieiB^e €tmmm vMeh aaro ««®Bifatd m 
pmwaam^ief to p2|iati6ii imd hgem» ttmmtQiP(Si$ ^^nmn ^Hrasitsna 
iiiia»r « a»i^ i»Bt» o^aaiUiS^  2t laa^  1)9 tmftKm» iijt94 ttaat 
tb«ii« 9^im$m i » tlio ftttfe tastar UMPm de a^t een^r uttsHtl* 
taiUNsnaii^  tn tli^ &i£Smnm^ m$$am ef ^^ si^ ULniisl^ pr cmsaii* 
( i ) fli» Wwmssa!^ tn tli# ^lyiit ixntttr tmmi. ^ i® fovt^ EOt 
9M«<Ni %AciEifwra tmm tt» aiaiilli ana ^im tim wtd^^ at liw 
trnnd vflmm tim haai and tiraaic |0i» tefirlli«v# BMI aixtattoir 
W»9Hon af tbi fssxagat in m jmm larva in «Riaa»aa«tiaii 
ayfaami a U t t i a lataialljr flaltaiiaa vhila ita sMtail i^ 
yaftlaa faiMi tmt lamitiKlttMS. fiot«a aaitaaiii^ m|te tlm 
aaaailiaiMl «iava# fliaaa aia fovm^ tgr infiiidiag af tlw van 
af tlia favaiut Into ita laaaa* flia laaaa for tlia aaa* vaaaan 
ai»paa>a mmm^^v*^ P^^ « txaatvama aaotiaii (n» 2X« Vic* 51) • 
flMiaa faiAi am a»t iravar INiaylsr inliaetaa in tba ftrat ina^tr* 
vtt& i » f ^ mmxiiS»ii mx£k9Am ^SSrny wmmwm e»7 wi^mm vitli 
atelidt 1 KdiHTtm in 4SMmKt9Vm fb» tat im im thin Int 4istiii»t* 
fidtb Dtfeular ana lo«gltttilzi^ snsedlta eso i^ raettiit* flia 
mflmttm ^»ek i t ioim tii« Qsitmiow ima of tlio fiddgiit# 
l^zigltQdlBal n^otSom pmoim itsiongb ttao ii^iro eliov tij&t tl3@ 
i?«da@ot9a i^ apt ^iKsa t£»@&ap«a iitamoti»?t wtth mx imam Xisdl^ 
a&d tta oatoF oxi« vl i i^ 1» ooiif^mod nitli tlid eddlgtit dpitiitlliim 
<m* 3X» ;'ig* 9S)« Xt i s mmSly atetxiliea as a (^^tiaavioal 
fold of tii8 foxvgat jpeo^mo^im i ^ o 1:ti« luatti of ^h» aiafittt. 
1 ^ ooooi^ haipaa. Yalira i» eoavmioA of ttumo laarofa «• oi^ii ia 
« eaK»o»»soetios« An imwv Ijiqrw^  iMish io oii i^ijr foi^d* a 
aiaaio xoflMtoA la r^or of tbo oi«oid»fft«i and an oittov one 
of tUft ovitliotiAl eoil* of ttm edagiit* 
3:11 ttio aooond tootav tii««i im atiglxfc oloaffatloa of tha 
fSiii«iEot« flw oiio of tht 001.111 maA moloi iaoiooooo oliglsllr* 
flio oollo mmmm 8 aioxoao aiifi t»eloi $ i^«soiii in dlaa«t«r» 
Tho ooooplMpial v^ YO I^ OOWM mm dittiaoly 
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exfi@ptisig i t » sl»e vMoh $xij&mm&Q m l i t t l e m& m^emmA %itli 
the diis!»0tQ7 ot zmox^l la etbo^t t i!deapDii»* 
In th@ foiurt}) i2mt&3^  a.asv& tm taxQmt atti&ia® c»m@i«> 
ScrcM® alee» f && itaiaen i s iisarsmr imt the ^ Ida ^i^vtlier 
f lie opitljoliai. c&$lQ mumtse 13 Mcrosst tli© jmclet t taicxioii® 
vU.'^ is prococdo ac i^^ oy iato tiKS eatextoa? laiaost ruiJjoiu f^a® 
lififih ia©ia.t» ^^ tsaomil^s coot siu© lieTOis20 moli otasoagc^ r t a 
ttxj f^urfclj laytar « J eompcurea to ei«li«i» ^mm^ 
<ii> f^33e lUdpats 7h© EMi^ ut la tl)» ^cngt^ '^ t poxtioii o£ tl3i» 
got oecmp f^tog i»8t of tb0 twrnk, roglim* Xt ext^&as $^m thft 
j«iie^«& of Vm bettft tmd tzttH^ upto tn^ slxtli tuxasc »«gB2ent 
(]?X* l l l f fifr* 42A)« Xt ha» tbi; tomi of » l(»%t e^Jioe^ atrftigltt 
t u ^ of BOX* or Xeaa tssifozsi dlesiot^* ^to]nor3.:f i t tfosmmA,-' 
o^tiwliitm hfto « t»ftsos$oiit ao^reoo on vbioli root tvo klKidfii of 
eeil>o •» tlio ooXttBOJBjr eelXo m,6 tbe sro t^to^smtl'vo collo %Mi^ 
li»eoM aiftUBot ia ism ftHh im*9» lamm* 8«oli types of ceiis 
hmrn «aft& hmn mp^ar^d iM %tm eiidpit wptthaliMxm of SttxopMm 
•91«e» ««if£l2r (BUNIf 1999)* 
file ootttSMKr mVim mm tkm m$n ip«pi«B«ixlativ«t of tlio 
ai4^Sin opit^Unew B i ^ mm t a l l eoUo vitli ocmfxttU r^ jp&tood 
xcAiiii»a 01? i»l0Bp(%4id 2ii€dtoi» ftm:^ t i e oa a^soiiwE^ iiomlsinttM 
and fowiMv twusli l39»<dii3r Cotrla^d Ihoriiif) toviv^ tbt litnva 
of tim 0x%m niMltae t^ rpo of ooUii ultb a lioafs' lanvl^  ^wSme 
imm also I^ Mifi o'Niox'tot.ia ttm ^mevu of eswflir »^f i^i^^ 
yypfemttii C^idt 199fi)« ia iliif^ 08110 ttm tm&h ^v&m U hsOt 
tli® loagtfe of tlj© mUmm&t m^tm^ 
' 4JI povttvos^o OQ&lxniat ie i»@@«iit i a tlio mi%icl 
voftloa o»saad %%» j^<! mm»* ITbio ffiOslQp&ao io ia tlio f oifi of 
a e l^oa %fig aai pro|«olo a l i t t l o ia tk» aalorioir lois^ioa 
of tlio Ma^ dEBt CFI* X» fie* 5f)* Bota oifoalagr and l^qsitadiail 
woOlo lajrofa ««• proooat ovoaaA ta» iddffatt tlio otvoaSaif 
filWM aaAnrtio %l» loi^ttidi^a. «B»i(L08» 
I t law looa foaai t ^ t a lot of xooxsaaiaaiioa ooonaai 
ia thm ai^gnt 9H$0n$ i t i e thoxvfHMtaoooooaxy to ^ v a 
]p«riiao«l iftaila of tlaa aidgnt ia«%«»>vieo ia tlw f»llotfiac 
doooriytiaa* 
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m& m%m$t0B^ tA^m 80 mmmmttf mtln mm ^^tmvf^ m% 
%him ttta«9* mm ^ssmmlimm fsesftietif of mlU ttteiit iGmff 
w&mnsm tmm mxneyixm & oonttmoiie m%wS^md Iwapd^  wrngsaeim 
motiiiis i)aii 1 ^ tpim of e olaeoaiitf.0 muMi tmmtm^ in m Ia«s» 
imeoiilo» Mrnvtig CI923) dosotltsti » •itsil«3p oiislo in Uviug 
^ t eottfi of tl30 aSait l}oiio|i»D«o» fli« tmmm of tbo »i,%at in 
ttm i^d^o i^ a?l QoegittKKi t5f siloxoiii in Staaorlor^ lioiar ootit^ * 
imm ooilft ti^ r^o isiolnliBr ppojootiono ^xvotod Inlo tho aix»oa 
i^ liioli in ^ 0 omto^ n^  tero iN»n d»fiorilioi 00 snou^noaia * Uko 
mtmjvttm of tbo opithoiinl ooilo* mam glolttlo UI£« 
pfojoottoss ns«> oliB03?voi oni^ in tlio ttxtst inetar Usem of 
in oagr othtr inotar {^ t afi^ r etago» ^loeo piiojootloai ttion^ 
oliooxvod ttixo^^Nmt tho eddgot 1»t OOOK to %• «»xo nuwaroiMi 
in tho antoiior woA yootovioir asogiezio^ 
As xv f^iTio tlio fuaBtion of t!»80 i^rolootioiii timm i» 
mowm Aittmmmm of opinion wmm t ^ iiox)c«ni» Ooaoon (1929) 
e^oowoa oueh n^ oHtioaf projootlosii in tlw ooeona inotsr in 
tlio nidiat of XilUHft ITWOTI and iPMCaardod tlion oo d3.oiatoai«i» 
t int Witt ptoooo* Ton #otMoliton C1890) voileiac on JS|sii^ KlfiUB(lMBl 
aposwrdti tfaM oo «at ooe«otien» !««%•« Sooctnoy (1909) oaA 
BoiNhMi (1911) AMi«vi1w4t Hion ao ooozotoxy gvamloo in |^<i*<^^ft 
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mssin^MM* ^ .S* 'T^aa^ l^P th^is* «3sistQ&ii« tn tint toss of 
ist»pX«t« in th# £lr!it l2is^r 3lftnra« s^ ay ti& mameimua nith tlie 
el^ angoo in tlm ^ « U t y of food duxin^ the tT&o^iltion fx%»i& tfa9 
#fllixyonle to l£7ve3l M.£e» I t s»y M veo8a.2,«d that tlm embx^ ro 
ia lK>t«3^ ]ly dop€ad@nt on dtatop3.«ep foir i t s mttriti'vs ra^ i&iiirosiQnts* 
fm 3i5a& e#l.le ^Ideli i»@ ®fe«jsa®nt:^  fowsa In tho dfatopla®© dtwring 
mS^x^mic IIM mm mppsm^ to dlsaoJLir® laa© ^^ lite lo tlmt i t 
%«iO0i3e© ee^il^ wsl^^&tjlo fej tfeo ®3"bX2?o« f?l:9 •psendopedia -
Hke* pro|eotiono in t ^ sCdaist r^$$jomkW0 olaiiiod to wmtt 
tHe ffeod sattoi? and cieo ^mrnmm tuo a|}j3orpti'V@ ®ixf«e« of ttm 
^^%ttm.i.mam Ujcn «jft®3? .Jietclstiiis im food efesmi^ tiy oJtoasoS' 
ffto© |j;wtoiii siioli |©TOaa»n* I9f9) to OEWtooJi^ x^ to ii©i& food * a 
chcmm of {^ 130 <^ is@0(^ iQno& 4b3? tlzo p^io3.0£;ioyi si^@ii^ of 
^ o Xcixva* flio ns^ l^ sr en^ s^ ged Xexvfi^  t»B to eozieais@ ieefy 
E^toxl^ end tlio pl:^ s?i^ o3io£gr of digifestion tboarefoxe i© 3.lkei^ 
to ^ altered* tho Itosti of t t e epitlielisCl cell© i s suggjaie* 
ti'V© of the eecrij'tes?^ »£-tU3?e of tlmuM «2«J11S* f|j»3ri3 i«# 
hovo^ 'Oi-p no evidenco ci* cuHo tmd#yaoi»£ ^ y dliiinteis3?i.tion 
1^ £iu^$st«d t 7 Eon£>on Ct>£9) In t ic islS^t of Vanaaft ^ r t l a^^ 
iuiotber enggto^on i@ tb&t tli6@« ^o^oioo in t l ^ fiimt instwr 
iavfft majf i}o » s n t for tho fcxK^tion of poiritvoj^o tms^laxmm* 
"mwrncm i 1950) hm doisosi^ed th&t mMXl gloTtmlm or n » x e oir 
i«s« eontimotts Xe^ reair of rof xin^pnt 80liiitaQi}« earn pTmmxt i n 
th« o«rdia of tho im0> of l^^y^^i^titi actmppmtMf @<Qd 
* «6 
eomlu^m th^t px^ iguaiOily i t is • fexm^tw mt^m of tbm 9«H» 
flt0 »ts«2Xt«iQii of iim aoeozid inotey t»s ^im am* 
foaiit3ro» Eft in thm first« oasnoptliig the dlsuspoaaroiici* of 
a&to3.F ^ 0 Morose in di^ Mit^ rt tm^^ lo^  tuexvssa ^f &%oot 
ono thiafd* flta xvgomzmtisro oails «rt i«t oot aiotini^ ijBhftiao* 
fba eatmrnm eotla M!^  11^ 1^ 4 @iem»m tall vitli msoloi 8 wd&mm 
in ^jsmitw and with a Immh l»:i^r 2 isioxosia M^w 
In im«# of "^^ tisirll instier ttm m^ Mmu wmmmem 
a.t)Qi^  $00 eiosoziB 01? «$ smi in diapitaipa fSsa ol^of oo8^ pe»azila 
of ^ a aiSgtn o^ii^itBtt aspo i)oSit£»»i3P ooll»« Ixit tltaim aaaiw 
to lia aoBt iadioatiosi of tho a|>i^ axai)e« of sosaaasatiTt oolia 
vlioaa ism^i^ ioaa mt «a;oaed noa^ a tliaxi 0»5 aatls yav oxaaa» 
aaotloa* fim mlammat ai^itliaiiai oelXa pzaaaat a xaotaniaiar 
abapa mmmAm 4^ to f 9 w^mm %ilth vmX mml^A. aaaaiKrii^ 
12 aiovomi, ItoifaaNhi ttm Tasamn aida tha anAa of tba a^itiiaUaX 
MtiM bKva a Imalt Ibovder irhii^ l^xm • aiaart iaaa ataiaii« 
aontianotta aoxMi in vhieli tlia atriationa mm net aiatinet watSme 
tbi liiiliaat yawav of ttia i i a ^ wS»mme^mm 
Xn tlia fouytli iaatar thasa ia not aaab olianfaa aa 
pt Mils* Tim eolnHaur mnm utaxt tltoiiflpitliig to m to ftMiiia* 
u teHtm 9,vpmmxim0 fliBtv tmg^h m»im ttm 37 t« 12 idi»N»2» 
wsa aeteiid tti^kiuani 15 la&tyoDt in dtaswtty* fb» inel«i •!*» 
oiml and eontvsll^r ylAeftAt ^ 9 mttkm pumwrnm 4^9 w$sv&m 
mmm& the vdJl^so^ wpiMmlixm* nsm eisfooiar fmmelm Ho tmmrdi 
f t i l l th« Bl2^g»li ! l^ Isl2i%»t i@ 0l)o^@r ^mn tlid mtdgsit ana 
oemn^jSusm tim lest tbtxv txuxi^  mgm^m* tt i s aivitea iJExto 
m^St^v&nt i^glens vhieh M£?93P tro@ @&Bih otl»ir atrtzotiasell^* 
iuod^sloxay i t loias tlia p^dioxlo ^allim aaS Qpmm ontaidt tfaxenali 
th0 amo at tlia soatarictr ODid of ^d tio^ jr* $lia Mnai sat i s 
diffisxQiitiata^ Ixilo tha entaH^or asifi a postaHov intaaFttaa 
|tl.« H i t H ^ 4i&)* 
IRie p^iple VBttfm ia f^ snaA fi» a oaall fold of ia» pt&tm 
aTlai? 9avt of tlia adldgiit |iial»fi iaia tha aalarlov iiikaatiiia* 
flia Walyiifhlasi talaalaa oiKin jitat %^bl»i tMa TalTa CfX* IXXIt 
y%M* 45) • flia antaxior intaatiaa ia a abort %iit viia Amaal 
lika talM opttandlsK faros tha psri^rio iralYa ayfca tlia yoetal 
iraiva* ft% tatav opam ioto tlia yoataarila? isl^atiiia* flia 
aiilario7 inlaatina la eroaaniaetloQ looka Uka a elrealay riin 
aanoandad 1^ a aanrow lajrair of flattanaA aplttaallal oaUa iritli 
tht 99loyie va3,'v«« fim mdml3M3Me IMII. of tiao ttiBitle«iiot«Mrs 
* ^kgmiMv immn iolo wMeh pro^i^ tho oll la of th* a t r ide i 
1^ 19 origizi of ^ 9 l^ Udpiglilaa tolxiXwB i s & aiitt«r of 
30199 oon r^ov^nijr* lS%%mn (19t5) in !»iis9>»^ >89 fogairaoA ^inm 
to tMi of •otoatmal oxla;!l&* Int Bomoa Ct9!$af) oli^sitfl ito 
Itinotlonal piurl AO aadotz^ f9?o& oisdodtxa to £|jgBl& JSlBitaii* 
£@;t0if ^oiiliion CI9$Q> ooti£tr«od leittOJf e viov* Ssvago (19^6) 
s^l^irlod o ^£)tl«p ol«9¥vatioii In Oif^ o of ^f^j^t^afp^ ^ypf i^^ |^ . 
Brtvm^swm and SK^ iftaay C19 t^) %Mio imii!kMm ^^ P^^^^^nf t^ ^^ ffffff 
iooovi^d B^ EiQoiif 8 YSOW to iMi l^ tcMr fxolmtftot Xn tho i^&lrsro 
to lienro ovigiiiatod f^ pom oeto^xft* Xii tho tsaemm ^loy oposa iiile 
tho iMMitxiil. mm At tito olto i^txo tlio «1A» onfi liiiia«iit imlto* 
ffae* If on tl»i OII9 hBMt ttiojr AXO c^ ai9id9S9fl to lio a 99art of 
hind iatottiao ttmm o«^9t to %« loooont an intini vM»h im 
taoking hmmm 6a tlia o^ k^9rt ttio p»is«no9 of otviatod taovdox' 
i s 9tlI«99tiV9 of i t o V9a91lt1»l9B09 tO tlW iddflBt* BMOA OH t b i i 
W9tmnm i t way \m aaesood that ^lo fnaotioaal pavt of tba t«M.o 
i s Atrtvoa tmm ttw aiafBt aa 9tici9Kt9a Ir B9I»K>II (1952) ia 
£• llMHifWllnia ana in Jt<» irTfTTf^r^f ^ 8t»ialMXi«v (1992^ « Aa& 
jral tl» yooaHiUitap of thaiv orlcia froa 99toi9]ni oaa m% te 
i9 
:iNM!t#vS0Xtj i^ woelosdUir tnlosttiso eono^piiilv to tmm 
^m tmWk "mTmt^ tVm miHX t» ^lamm l»io six fbtte iflJiili 
oif«etmp fl%voo «mi v%mm«» l^ t^n ^ ^ lo»8itiidl»^ otMMi# nfmtm 
oensMi of ft ^»i^« layi^* fSio imiimlirtitKV of ttila imHam aai 
i ^ ipanraii «%fiio »^r« m%m»^ wmmMm ^ mt of tte iMomm of 
•aiffjLir i^ffppl^^ yfffrt^lfl no iritpoiplod lor 1 ^ ^ i ^ Clt9^) • In 
k0 asaiiiUk ^» o^^iottiSl miUM VIx&m tiMi wmHtal vitvo •tftta 
l^aifcif« flit iMIsm in tliio i««loA !• Allele wM m^mm ttvtinol 
flio pottlovloiF liittitiBt ft« itYliiiliSlo tnio ^m 9U1«N» an 
^WWw^HJm-Jfct^ffafc jJlr'HW^ iPPMfci ^JUBI^P ^ B P ^ W P ^Ht WMfFrnw wHWiMlBMHr«||» Hl^j^^W ^^^-^Mdl A C ^ P H M M W ^ ^ A ^ ^ ^ ^ | p 4 V ^ ^ W ^MBMpi 
iMa¥« ilio 9Mit«eloy ixUMrtiai tfidUKi to fom tht iptotol «•«* 
!«* • nftU ^nriHoi* i t l i ^ foliliapi JGMKIAK th« l»nia aoiA t«iiti«i« 
of ««Mo«3l «itll» with xoimdid aMioi Cn« XfZt lis* 4ft A)« Soth 
ittjrosi of «iifla«9 filvoo mm vmm/ii mfmoA tixia opitiitiifiiiib 
1© 
« 9o«ttt«tii» viKloa* ^ ^ H*ti of 1 ^ «»tiiiibif vwgloit i» •<» 
f»i^hi« io «• to foam Itiaistr IUM ii»e|iitii»iii iisli» tlNi iKnii 
(Pi» x m » «!«» 44)* fttdtf CI99^ tp^evii tlmt UXJmmiMk 
ffff#ytl-ft t!i« i^li» twiti^^ -prntmrnm •«t«9r«il ti»agititiiiiRi 
«l^ith«lt»i o^DKtiitv of mMm^ or ttoliiWMiv «t(l1« irith hmmy 
mt^eUm* tn ju fy««e^ yft ^» «pith»ilit» of tli&« wgloti ooaolate 
of tMOfm Ofttlii ani mMtkim daslel^ iH f^tlttiiie IIBC^«|» fto temxm 
^wnm^ tfm mam ovemttd f^vn as in ^^ MI irootiil imXf• voglotib 
itio pootidloir jpoetBtt ooati^ti of «& ^^pitliotlnfi w^ xm* oiAlft az«i 
loiiiEltit^£teX sKoOlo iM^fwm tarn ^p^«exl» t3io sKpotam opom onl^ 
All %o •tmo^tvo* iB^!lloiitti Qiaoiro «aro lamoiioi in ^ ^ 
tim^ iastosp lBz«»* Xa ^lo mmmnA im^mt ^tm wA^m*^ ^m m% 
mMHt Aoar asaelettf eliftas* m9msi% ia oteo* t ^ ootu of Ai^tarior 
i«liiitiaii «»• me^aemmty 1isl» «ad fisHwaoA* flioiMi of tuo xoettl 
DUO lio mm^h Tjsm^mmm oii tlio stxnoilttsvo of tiio 
Of ^ » aafNxtoir lixNotino MMKWMO i Kioxono and t2iooo of %h§ 
sNMdiil iratv* 8 wloxoiit* tbo opitbiUol Oiills fonAas ^MI 
• tt 
vm^il mm mmmm &»%3 lAsmm and tuti of wmi^mm a^ovl t 
mUMmmm 
^ ^B* w w ^^^^^^^^^Hj^'T^™^ ^W"^ ^Pw^^lB «K <pifWI wf^ wp 4w^w^W^ ^P^WIB fMB^BBt- w ^ H I ^ jppiifc' VHWfc wiw^^P' 4b4NMlh W^M* 
flAtlNiata awmw tnlm i«r»sttiu5«« % A poiwly i«rsii«d mmmdm^ 
C?l* Xf fS«« M) # %Ni mgfk^ Qt tii9 tit^taOial. «i£U mem 
mietmm im tm^h tmA mmttSk 1 ^ wSm*>m in ai«ai^««r* fNi 
intioft ooYwarliig i^« «^£tM.i«a toail* wmmSm m worn &m^^ una 
V9pmt9& ^ ^ e^ Oi* •mH&'lioa lUi titt flfl& Ixntia* Uaem at 
&» fffltffiyfi '^ ^ ^ "^ x^t* ^  filpsl B0ext» 
9m w$i!$m ft d»t«U«i fttii4ar of ei»i««ft tn %te ai^ ^prl tUft 
f I f tb iat^ KT IftSVR liftft itftft ••otlentd in tlui ftavir ft^NEftt fti^^ft 
•aft in tlift ftlkftgft ^ cfSiyft jmpitloa* %ti» ftlilif foinlft »f intii'Ml 
•»« atftftfttftftd iMidt0ir# 
Xt tei %«fttt ftiiiiiioiiwi ftli«ftAr l^ t tlift f i f ^ iiiit«r 
iftvm sto9> fftftAliie ft^tldift^tiftn 2a tim ma^ f l f ^ im%«r %b« 
vftOfaftmtlTft 0«llft ^Mftftft iffttiaet «»& mwi^mat «I tlis !»••• ftf 
ft» 
aio to in tho lAtgr iftagtt* Xt t* «l tisiji utttit tlisli tti» •(il««iiy 
Mills %i«ia to dliu»svMdUi« and tkdts peotrnw 9iN»C3nMwfr«i|' 
iiittTMuiiii in tilt tmi^mf vs^mm* 
in Xm0h BM I@I9 txim mim of ^ 9 nu^li^ wmamv id ^ 80 
mijowem* At ^» ismm ef ««»» ef tlMso mUM gmam ef m&m>* 
«iisii«r eoni^tto^ t» %» fimi tii9t«r usem et isrtoife&it igaro»la* 
fli«B# mxm of 0saLiB mmHt of a%etit 6»t0 asi l l tcfoadlftd e«lt» 
wmmsOm 6 aie»>a» iittli nicati t»t sftitxoiii la Sfj»Hirt«f» flutly 
maibm miMmm to Isi^ roiiMi t i n t^o Xwrnsk vmmm into tbo 
pm^pBi&tiX otago* lOUMO ««gil« atiila feavrny iabttwtoxjrliii «nd 
ataofi oat BtmmM «0>kiMt t ^ aajolnim ««12a of tlia oii^ tli«yUiui» 
In iMAi a«oiHi«»a«ottoii a»9 aii«)^  sy&«90 «^ vaeaaava^^ aolla ay» 
irlaima at tliia ata«a ( n t SOtt f i e ?@)* «MI oolwaaar aaila 
ttoaanmia 1m0M to Aalaeli at tba taaaa and ava snabtA is^o tlio 
laaaa of tha «ist» SaiA 8V««9a of aaatoff oaUa art aluiiaaiiil in 
tha foataitosp m^en of tha »i<l0it «apaoi«liy naaar ^ a laaolieii 
of tha Bi^ liiit ifitu tlia MMm^ CPi* XXt ti«» 3f^ « ttw oalia la 
1^ 0 aat«loy vagioa of tlia gat ava ati l l in eoafeaot vitM «iaiJr 
la»aaa«l malwani (fi«* 40>» fHia iit«taataa tliat tha yiwaaaa of 
mtmimm off of mui oia •i^tngHus wtmeH l»ie»iR ^mtmeim 
tMtmf$ te£!evo ^ m Hflb tnit«v puisiM into mm yiw^up^ 
•^iiri «ui »Mi^itmtty» ooUii %oo9iit a»tiv« ana pm^tmw m tmth 
• m i l «ial}ol4 eglitt utth voiiKUtoi a»ol«i s«% tit m aistlmt vmr* 
S«oli «Mili namimHi |0 edym»ii»# SIMI temiSsS^ toxoid i^i^itltn» 
}»ii ]i0t ^ mppQtiPia* St»al,t«iit0i»lar ifith '^ b» fo3flmtt&tt of 1 ^ 
igmh n^thtHixm tlm oxaiar on* im mm^ off« fin ««2la Sglseli 
tli9»8«Xirg» tmm tb* @i% MASLX* loeeo ^mi:t iiKHdt^y A»^ ftiq^tas^ 
i U ^ ft i»»i«i10L«A wmn ammmeLB;^^^ In Vsm trnum mipmi»Xij Im ^E^ 
$o8t«noir pftt!t of tho siasBt* I t to iMmnm^iJm to mtm tliwl 
tHo Biuio of vojoetod opttbiaiASi oi^lo ^00 not aoiro furthor 
^utt ^90113 '^ lo pjrtoyliO mdlYo Inlo ttm Mna iiilo«llat» nam to 
•o %iOi»o« a mw0m dovoiopo *% tlui lot01 of Hio yjraei^ o iml^ 
ainelxiff tlM f lmt tvoalyfoov bomi of tho yaroynpil i l f o (?l« xnx* 
fiff* $0>« flilo oopttmi aooo aot olioy may ooUmlosr sorpMiltotloii 
oai lo pTOtbobly of tlio m^wm of o noii-ooitiiloar p2iMr iMMh, 
ffovonfc tHo MovoMOfc of Hiio MOO Into ^10 MM #fl» f%» M»a 
I«t itooXf 00 will %o oooa lolsoi' IMO rilvoo^ xolootod ^ 0 ott 
opitlHaiiuB oad ft iioif OHO io ^tAtm loid dona i^U ifXt f i i i* $$• 
t 4 ^ 
Ompt%t (1990) htm vwporUA « siadlUar •oaditiutt in th» 
tmim ^f tMxm iM \mm «tt8ft * %$mmm jUm mkm i t s mff9mmm% 
«ft«p til* tmrnm i» rnmSL^^ 9%t» ptsm t» tvmmA tsr tli» «[^fliiii«a 
immm IstfUmm ttm tA^0S% ana ^m MxOeixU »• •%•%«• t l»t 
tim n&d|p% iiKlo the titnagiit tent iHm i^ tteiod diyiag iM«h ^^ 
W&wm iMm$J»iil «»229 in t&e 2ati»? iii?9 aiia«vigE»tii(g dlirisioii moA 
air« ant i^ tMi^i tsr a fildtliiottfi tzilim« Xa eiaio of 4» f«^ *<.fift 
isio piwff I® t i s t i i » i a r «©t ctitjftiyBr 8ixio« woiam iti« Mi^ NMit 
poifi^ m •«X1. stgttiiftniftt l» 9091I ill lla«HStQaqrlixi stftlit^ fstldm* 
fim vnttation of ^9 ar«J«ot«6 9}^%}mtlvm tov a pozio^ 4^ tiwi 
in i^ pm^mi&r pa% of tlaci sippet Sm m ftaolea48al^ iSiOOMiitir 
fosf eitli9i!iirljitt i t i i§nB9M$s9 ^^wo^Si^ 1 ^ MiM! iixtintiBW io ^Oi^  
iikoljr to SiMkgft 1 ^ iWMly Itemsittd <^tlioits«u 
III tlio Bttifopiiiii BTgixmm mmi%^ CBivSt f95f) t l htm h&m 
#l»«rv«« ttat at liio t int of 1^ «i £tflli ml%§ ilw di«Mttf« 
•9ith»litta ooflviiiilAljr MmixOsiemim t»& m wm 9jt$A3mMsm i« 
i i iH AiifR fmii ••Us sv^ pdMPtodi toyr tlio vtniiiiKWktfvi ^ ^ « flio 
•lac«lsi inttar ia tlii« »siifMr i« vopovtodt to IM tbo iMt oat in 
tiM 
Zt ham hatn ttoatloitod in tht mAy immX iavtiiv tlnit 
tilt li^ulittt i« yogiemtoA into «ni §aB$miiat ixAmti»m§ vootai 
vidtf* una po8t«tti»f $Mmtimm mmm melitm «r» distlsipilshtA 
mt oal^ oa t}}» \wmtM of thtiv ^ivyiiig aiuMfttm iMt «ito %gr 
W ^ P < W W l ^ ^ ipi^tiWi^W-^^Ul w w ^ i P ^ I * * * W r ^ W B l * * ^ ^ W W l * ^p#^^P • ^ ^ M C P ^ F V H I B V ^ K W^BSt ^|rlk ( • * • • W M * V F M H M * V ^ P 4ik 4nMP W # * 
lioiiiiiMfi«e Oft mt HSLmtim^i, Hi® ««Ii» m& tli«lr i«el«l «tftitt 
iiiaiJSir* At fb® janefjton of %im tA^ m& MM m^ a e#@s»let« 
ifiiag «}oi^ (^Mi9d of m%6e9lf paeliwd 8@ail nous aaieoo tt» ft^poismzioo 
(?!• iXIXt Hs* 4^« Xt e^ BdUSQ lioesvtijr vltli hamu^tsixsfWi * 
flilo i s tlio peetitrioir tas^iiiat t&ng vMi^ lioeosiis «etiv« in th« 
t* liinr«lops«»l of XsBfilDHl Attamloaqr Cotwif 
flM olMDgoo in tlio oUioixtacar mml of ^lo f i f ^ iaotov 
iMxm Iwro ftlvoft^ tMMpn dooeyilwd* It mqr iNi xwMi3.toi thm% 
gvoot oliRDioo ooonp in tTm voflon of tlio sidgiit ftto io tho 
olovi^iiiiK off of tlio iMmdL ii4ptt oj^tlitUBft taa t t t ioplooo* 
wist Igr o fvooh oao vMoh doio not iin^m?io oasr voMOilails&o olmnio 
Aulaff ittfotion* cm tlio oHioif Itonfti vhlio shsmm in tlio fozo* 
on<S M»i fliit otott In ^ o Into fifth iaotiv Inytnttbojr «v» 
•MBh pmt vitl ^ ab«ita»«d tt«9axiit«ljr* 
<i> flHi for«gKli fh« ftiziiae t»^m of ei l ts foimiiis 1ii« mOl of 
iBttaa loo8t9 eon^ Mst tfi^ tlui eoilia And i t is uittim^ljr tost* 
Xn ttia i3mt tutaljr foissr Ixmss «ftfr "^ te ai»«tt aaJcttt i ts vmr iofeo 
tl» coil* a fiei^li «^ i^»Uttffi im Zaid E^iifzi in ^b» rtiiieii of tlio 
flias^ fasi wiA ammnfimma* ^^ fOiti^ Rlov M^Tt of tlio omeiE^^m&m* 
st i l t ooDftaod ifltMa ttm hmA fonloii* ham m Ixiilisiii mppmsmxm^ 
Cft» SIT« HM» 4?) * fitis is #to to tiifi olno^ifiiig of p»»iif«v«ted 
oolts pzottaUy ffo» 'Uio an s^vioir iaiRgiiml. viogt oittstatoS Ii9tif0«ei 
i t ma& tlio B i^gat« fho oolis cwMnnro $ eloxons in iiiiiHitor# It 
asar l>o i^ oiQtsi out tltst tliis mi^meim vim i s mt ss distiaot ss 
i t s o i^stsv^Rirt in tibo postsxiojr vsgioii ioestsd «t tiis Itiastion 
of tlio Bil^ iitt Q3S& tho tkin c^tit* ftm ootiirity of tbo iaogim]. 
Tim ^voffsssiYoly izHKroosos veoaitiQi in tiio fomBntioii of mwmmt 
tmym of ooUs st tlio auitsi sua l^msim th» Wl^em stxnotoro 
soBtioasa sibovo* In m loacltiiaiiua ssstioa of tlio fsvoiol «t 
tMo stotft tlioBo two voffioai mm oiottxir aifforonliatod £vo» 
osoli o i^or* HIO IttMsa of l^o i^ hssyai i s trosdsr as eoiiNunid to 
tho ossoyhsgm sad sm o^sxii ioiM i^ly tmB^mmUMt in oxossi»soetioii* 
Wm Ittson of llio igamseym mppmam ooostviotsd at tbs lovol 
of s«li»ooso9i)affsal CKXVUOH idsioh asilDi tlio 1io«iai4Df of tho 
om^iUmgm ifie* 47)* flM lamm of Hkm emmtimeem i* vtrnM 
in exo«Mi«otioiu In tb» aoaet 2^ 5 t^sam no AppvtetAiat oh@»0# 
ooectm in tbe HiivgRl* Mmm^mt§ ^ tho fifUi dsy ititli imrtlMHP 
iaermois in ^le mm\m» of pvoIifBmttd ««ll« i t ggom ftotlMr 
poe%«nosly and vi«ehi» ttm pm^iimm»t(i •«eMinl of tli« ^^ 
Cfiai* 48)« ^^ b^isni iattar i^ }«n tiw prtsn i^k obangAts into inpftt 
tt» fl»mgiit «lon0it«» l^ n^ livtr m sm %o Hfoiis thm thovattio 
Vttgion and iias in ' ^ fiivt aiddDQinia saomnft* Oieomi^mti/om 
of tlia fo3?ogiit in n oi«i dar old pnipa ^ mAw aliov tliaf i t is 
now faXXf diffttifiinlia^a into its ec^^onsnl ipai^ te irMob asm dis» 
tiz^nistiad ^ Ito ai@« ani ntmw ^^ ^ ^ inaon anS iSbo tldalcnias 
of t!» vaii* 
flKt Q^ K>i»hagiis is a lone nasxov talis of amftmi thii^cnsss 
<fiss* 49* 7^* Sis^i^^toatSjr i t is mw olsamotavisad Dgr a 
asliaata opitDaiial iining i^ioss oai3« a«» aisost flattanod 
and stain Ugltlijr nith lia«Hitosfiin stains* ^ s estls wmtssam 
4 Biovsas in siss* Xts iwam i^ssys sivsaiay in «ii»ss»ssstion« 
matallsr i t Ineadsm to fsm tlis exof* ifitn a slioyt mantmt 
aatarior part and a inraadljr lonadsd sostsvior oas* Xts tbia 
ifslt i s so hii^ biy foidsd insids tiiat ttas Inasn Imioawi ixvspilar 
(PX« X?i H«« SO)* fliasa folAs a«a so olsssly sat ons upon tha 
sthsf aaft soasist of sash aiimta sails tliat t]is teanteviss of 
tMMmUmaX aslta seald not lai aissapty <!^ffivaiiliatad» 9 ^ aaUa 
assaafa foafhtj 8*9 aisxaas* '^';,^ ^ •"'" ""-^ "^X^  
Blotml ^ this xnsioii I* tli« stettuNI os^  s9ra(v«alvi«iilii»» 
In A tiie aiqw old pipA it l» ft th i^ iraUta •tmotitxii iritb w«U 
d«v«lep«a elTmtmt «i8eX«s «S9mng«4 in •«v«z«i immim mapmvm»^ 
\sy ft tMn Ujroir ot toi^ itudiafiaL wseltft* Jm trnmt i«arv of 
longltudiiiai fl»i€(|9s is aliio pxviiftat C7iir# $1>» Ulioa iritwsd in 
ft «f«>8ft*««etion th» giiMttri iibow leagltiMajifti foIOp of thft 
«pitli«Uftl nftli pxo|«etiair into tli» tnmni* Its mOM mwrnm^ 
fti)9«t 4 Jttto»o]i»» fN intinft i» tMiOi Int n»t «» ttwo^ m in 
otlii^ vec^ ioai^  Xto imm tm9 tm ••xanitod* In a ^am^ ism old 
smpft ^d iixlinft tl)iidc«c«i eoneia»^1il|r# 
fl2o pa»iiv9iilvieti3ii9 <»p<»iB irttofemil^r iixlo tli# f ^ % i t t l smt i^ 
t&O OIM90#lll«9tti 1 ^ ^ ( f i g * $9)t ^Sl« ^XB o f 0«Miplia@8fti IPSl.'Vft 
i s aiitlftr to the oonoi^ aiiioftl tmiv* of tlio lavvftt with tlio 
di^ ovwittft tliat i t aoif i ioi no«r tbm |«aotion of tlm thomc and 
ftbdtettist inttoftA of ^MI litftd ana ^sm tymli • • in ttio lawft* f^ 
oftitft of tho irftl<vo avft anis. «« oos^ pftvoi to tlioftft of tlio aiagat* 
fto istiBft is not poiidi»sst# flis stiolo fovognt mmlM<^im ths 
psoYontFioiilno is suvtooiiAid Iqr an innsr laisr of loi^itadiasi 
ana an oatsv lajrota of oixouuor Muioloan 
9m so iM i^toft anlsiioy $Mm$mSL ling i^ btaa pxosoni in 
imoits lavffto is a Isanr of oodvyonia aAla Ai»m«i at t!io 
Janotion of tlm fovssat snft b^ts iidl<i!Mpt fimd s^it tlis iMuiia astaviat 
tmm vMoli ijmgLma WammA is Ibaai anriaf astaaovvlioota* In 
ik* SXaiM 9ikViagmt$^ tt i» net €lm^ 4lmmmm^m i a -^i* laanraX 
«t«««s 3r«t i t* i«iHMnt« «aii ^ §Mmtxm %f -Ha* tipMttiiie^ of wmi^ 
C 1f50) til iniit ana ia tl)« SAXVIO. »ti«M of q^ni^Lm^ii^ sasSBOSk W 
maxa^ ana %l«ip ("f^f)* Ift ^m"^ i^mm Watm i t t» Imm lamur 
i a tlii 1}«iilisiiiig \m m mmmtpTmtAm pme&9&» i t hmmm m^im 
U * J^ MmmBmBKvf 
fSm \aiihmlLm» of IHm ipsguua xitilE i» aosl m.^vmem* 
tt iff eittiiteft % Weamm 1194^) l ^ t in mpti«a» lt«lt<3ci|itdim «aa 
i^ ]r»inoptttx«it i t ^.'VMt^ xis» to tlui ft»x«ptt ^Mlm tn mm &ilbm 
iiMmet* i t ^t&Smem m mm niagist* I& »nM otti«ar fusmi i t isHres 
idM to M^i n j^roiftt f^ tlio Tsfm^m^mmi msSLm* la ismm of 
ik i^ y«*?^ »F tls» oatofior iaofilaaa. xiat fOiaa «IMI iwiaiaia foi»»ieat 
fiXoBit vldlo t%^  MAisat io ir}»3Xf ifinoi^ %7 1 ^ ootiiritr of tho 
oloooij yioiiiao tl»mi if^jrtoi Igr OtrtOi < 1990) ia Ji l i^ la 
t ^ Sjmra of tlui W» ia««ia«i ooUo ^ooao aoti^ to oa2^ taa lioayo 
•ftor tbi iasnra i« ooaaoA mA Hio i«nraa oiOIo wo aeopiaooft liar 
iaogiaol. oaoo* By tlio tM»l 4or tiMi o^ ioj^ hotfio WMNMOO a 
«» 00 * 
homy •toKttdh ma ymtrimlm U« t ^ U y in tli« altiDwm viiU« 
en t«iitli any i t %giiiB to iwaanm* Hio ftdnXt !>••• fli0«« oiNiexw 
irttti»xi*» ta taxni 9:r fifttfiaiw «itli fvsptot to tia»« « » wiiftt or 
twm siirt.2ii3f to what l«« iNHm ol»9rv9d in 4» fp»iEfif|> 
<ii> m» ISldgett Buforci th® ftsm inotar lasviBii into thd 8oIi 
for smpntion tlie lawal sd^sEt «pitli9llitm is lOvwii^ mptaeea l^ * 
« asAt Ifiyev of mm e^lim vMeh l»v« 9»t to tteSsm tt^ a if@fi^ l&» 
9pitl:^l.la]. fof»» f!3»iia aiteiaoi^ pliio c^ aasgoft OGmv ^asetm P^^S^ 
tioB* Sdotioos vmnim tlwcmi^ t l ^ Xate f i f t l i imtm etim tMt 
tl3@89 £3^ 1 03118 am nmikl$ m!ma:iMh ms/Bi at iplaooe ii£« 90«si aloDg 
witb tl30 ^ammmtim @pi^ell«m« Xa a ai*»l3oiizB old i^ i^tapa t i ^ 
l.aa?v&l si^Bt oollo ave eos3^3»toty east otS fmn ttmlw ttemm 
and past doum into ttie Ismon of ths ^pt foieiiQg a isasA ^AOAh 
gm^mllly dtainto^mtaa tWlm XTIt f ig* €5)» Oaital C1990) 
T«lPOi?to in tlio iiiHi« of lumtilMM that ttia ooatanta of thmm 
east off eolttt am pxo^^ty al>soi%»9d by tiat inMlEii3Kl> oollSf 
as tlia eoil o:^ oi»l,aam iq»^s»i vaenolatod and tliat tliava 9am 
olnriooa ai^oa of dtgaiiaxtttieii asfl tfisintagntioa* Olaaoyvatiefla 
on tha pamaonl ««wfly Mtoyial aw in a»%Bta«lial apwoiMiat 
iritb tboa« of Ooxtal in t!aa tmms^hm^ ^^ aiaifltlai«ti»c molvi 
ataia 4Melc«r« flia aairty fovead apitltaliaa. ooHa at ^lia ataca 
av« ivf««Bla:r ia aliapt mA atain tii^tar vith imaBatoaqrUB* 
!• spe^osa ae eowj^aamA nith <^t&at of ^lo |i»pvm» 2ii «it«e«t»lv» 
8t««t»« liBtiwrort i t gxiia«ai7 InRmdenff* 9Mi> oxpamitfii is 
]pmiasie«.%(l« m tit» p:«i«i|ift ehamm if^o tb9 sitpft (m* Xflit 
Ai^ iott^ ^ @(}«f loaizig of pmpiipsa. mA paigel mis&m m» 
elbazi^  aitlBr atmetui:^!^ or Metol^gieatljr in ^^ foi^ i^  S^^ im 
oia iis^ piip&ft On tli« fifth ^aj» li&tiiff@rf & 6hift In tbo pesi* 
ttea of tb# 8l%iit «^ ^ a&t&a for ttm ftvot tltt9« Its ®iat@idor 
Itnitt as dl9©0i^ 1iid in tilt lEiffs^  end fk ^^ E^if SBI^ old |»3?0|Sip&t 
i iet at '^ 19 lm&% wh»m 1&® l^ad loim the tlioxca^ SEHT i t l ies 
in t!i9 pmtbomeio mgixin CH» ttf$ fie* 48) • fliSs is ^ s to 
tlis fot^ ivsfisiirs immm9 in ^ e foxsamt t^ Moli a^lssa ths iddgut 
pii«t«iift4» X» « aay old ptpa i t l iss &t Him jttostioxi of tlis 
tlioswK with tbs Alidomsii ma in t ^ atsEt ttro (Stgrs i t ^iws to 
l i s in ^is fixst alidsaiiail SSK^SIII* Apsx^  fxim tMst ^^^ 
tlis tti^MCBt audi tdba^ citt slisif * dietincst cmivoltivs dnw to tlis 
eoidiiiisa offset of shovtsaiDg of ths 1x>^ aM ths slozigstioa 
of ths foisisut» 
flio liitlalljr stsinini; oslls toxmim ths pvsy^^ sd^ turl 
in ths bsginniag sxs 6aall» steut 10 «ioxoxie idtb iSfsMsa molsi 
Msssvring 7 alsroni* ftmy feiw s oingls isw Int at sons flasss 
%imy f l l« up etm ev^v Him otbair waA 'bws&w» titme^iMtn Mo lmmh 
lK>i^ 3f fji id9lls(l« in %tm ptmffapa^ It only ttppmrn iift«3P Urn 
tarvttS^ SMiptfl eo4^i» tftk99 $(t«s« tVU Vrt» fi«» H>* la pKgm 
ttie opi^ 3^«tl£Ci oolXe Isvgin to «^oafpit« Int st iai rmBsin tMtw 
wi^l^d 099X1 la ft tbarse aa^ did pupa (tig* $6>« fli»80 ooHIUi 
sMisitiii^  t0»|2 iii«ii?oias tilth melQi 5 talim>i}0 in dls»«tor« 
:?<»it«riofty ttie atasiit oc^tt^tslo^ in th& v«gii»ii of th« i^r^xlo 
iralir© wM<^  ^pons i^ ato ^m m:%tmm antoxior psvt of ^^ MM^ixtm 
ftm $Mm^ in »wesmmSm€ t^ am imter l a^v of longituaiital 
imsoiost I)9zi8&tli iMd^ Mo th3 oivo»iav misoie ftimm* to 
|N93^tfo|lido siQS'binibiM Sovotoxo Ht tMa otaiEOft 
It2 t!i# llit3:9poa3i Bpmm Bmaftls ^^^ CI9S9) mptmta Mmt 
tiso fomstiojs of zwttf jgist is ooiisplot^ d l>^  ttis tins tlio iivtoist 
oixlaXB ttio pt9papal »tam* &eeov&Lm to Mm t ^ i^ l^gut of 
ipyoiiii|i«i if eottposo^ ontlroljr of mniir toTwoA mllM iMeh lio 
eiills 88 *«m1av3Foz^ o oolla** tSio fi&to of tte tcusi^ oeils !»• 
»ot immh oiikltonitoa* 
<i i i} fho Hin^oli ftm iMtRHivj^e obonaio ia tl» MniiKt 
•t«y| «t « xwifttiiroly iato at^to in tlio fifth iaotftr iManm am 
eo^avid with tho laidfliit. IMS pzoeofio eotttimoo in Hhm 
f voiMpi «aa g»to «ee«t«mtoi vhoa the pestoxior iwtgimi vim 
iNMiomNi MOtiYo in ft t4 hoiVLm old proi^i^^ Aftov 46 hmm tha 
» @JK *» 
aalaigieag BStft adP '^si Misit£&t't*: fluiMi <MBI>* ton w&asa&tA tasA 
MiX» a^M» tmsm of ^tn Muftptt Cfl.» ZfZt Mm*- M» S?)» ^ 
j^Om mm fsxtsr l^tSf)»MM«i«& (pi» MZt I'life* ^>* 
axA ^h» UxuS&K^^ fb« p9lovl« valir^ duo to tlie msk^ ottVfft^ sw 
nf l»t)i t}i« si^i^t m& Wm&£$3A unaosgoos •&»» spatial 9^hmm9 
tii%iae«i» f l ) ^ aafa smaatlior ta dtanotar «ci eoi^x«ii td tli9«« 
s80tiQiv ISie inmx* etargini) 0f tbo cesietitt^iil €9ll« po«»effii 
IsmQh tmw^v irMiii la< 'r t ^mw Sietin&t at tliia «taiE<i« 
ftm vaSlI 0f tl)0 antailor inleetim i» ME^ tott^^ tn. 
th9 pupa ««]3i»xi iieisra in m mo&9>*n^&tian m mx^iemt&A yitth tbo 
naootli mTdtmm in tlw Istr^ mi inatsxn* f!b9r& «i!*ci «£x mdh t&X@» 
vhU^ pro^eet ijsto tlui Tamim ( n * X7IIX« fig* 6t)« flse e^ jOa 
of ^» anl9siov iixt««tiiit av* eii1»l««3. in elmps so^^ttfins 7 
ttioioas vith roiiadai aR«i«i MNumxins f*7 »le«»iig» fimiw 
li0ltaaRli«s A9Pt viHi differentiated. 
mim ««t«xiov iiil««tiii« l«ftiB jU3te tiMi 9o»t«xioy intwii* 
tint* At th* jmutioa t» • pyoniatnt wmi%A ir»lY« vliosv «liap« 
i« eonai^mbty aiffBxwBt fxott tluit of th« lAvvft tinott i t i» 
t^wmH by th9 ii^usliias of ^m aatovlor intftotiao into tlMi 
voetal tae wro ov 1«M« 99W wyw ir«y «» tho eosoj^iaatai va3.i«» 
l a tlaa larva m t^osavibad aaxliav i t ia Jaat a aonotiriatiaa 
81 • 
(PI. fin, WLB^ 42&t 431 n^ KXX# He* 65>» 
Iiieiai9it«il2r» iMltoa 119^ 6) lia« o&Ai no aesi^ loa of an^ 
99etai iralve in tl»i natsit eeniflj fit^lM fflffwifffll ix»:r iSooo h» 
t im m& i^ «00tiiB« fMe ot»€ix'va.tic»n fa otirtiitiftiar in eoQ^ txiuit 
td wlmt b»0 be@a oliBdrvdd in 1 ^ issimtaina eto^e of the am» 
emrfly «fli«»s<a not onii' a Msttmt im.'m ^idsts tot ti^ epittnllEl 
lining of tl}@ t^o imglom is 2^ mw@d t^ oxiiag tbo i^ u^ paat p@ztod« 
if)jii# giiring tMttlM^ to tl^ olnonl of l»isan orror in n^d^ monl: 
any nttoc^ to TBn&Vm ttila eonlz^iyiotion ifonld 1» fxuotmtod 
mnoea ^o xi^ti^b^m* ie aivon to tho 1.i<]:ai4 fooA Cnootar m 
ooll »9,p ^ lMtl0n$ 196@)« tl^ a ^ l ^ onlxfiat upon* Beet tbio 
faot oXono ^ n not Inottsr ossplain ewa^  ttio totiO, ais&npearanso 
of ft yogaiatSng noehanioeai in tl» a*«rot»m iib»x« tho 2i»otnl pads 
and th« opithflaina Iwvo to play an iapextant sots in ttio 
oon«««vation of wator (iiit^os)«o7t^f 1952)« 
flio thriaion of tbt peatoriov inloatino into a sootal 
•ae and a Yoettsa ia t ^ aasa as in tibt laanra* fba tbin vaii 
of tha saetal aao is ^veSLf fol^d* Tim fo l^ axa so exowdsd 
toirsthoy that i ts Itmon is ysauood eoiiaid^rBl)!^  (tiff* ^fO» 
fbmm la a striking oontfaat in tlio biatologar of tha antavior 
wen iadi.ttlaitt taaA lUMi iii1il.iiwi i s iiisdLllB^ xiAy IMiu iiMMNAiliiui 
til* mm w»§ixm Qt Urn 9mm wimim yHl» iSmm &f 1^ iotmBx 
mm %mU> m^tmsmm^Wt^ ma$ke»l maom wmmmxm i^cml 
p^PMMKl Ctl* WL^ Wigm i7)« BttHtm 1ll« im «fi|4M>«&t ««IJMI IM^ i^ 
MM! HIMI 1MMI*JNdl #t3yt9 1AMM %M • •WtiUl iplMHI %M Ullif^ •>% ^^ IMUM 
mwm. isoitt^d oiStltt ««• «•«» ( l i«« $7)« Itt tlkt aittit <if " ^ 9 
••Mlisr 9MU«a (19$i) kMi not o^vfif«i «ei^  muf^ i»piA» ^vHititt 
« 87«» 
tlm fidnmti'vo stapr ef tbis pad oir la dita to wmlimla'lloiai 
diiflQS ei^ddlQg of the eiateiiaX fov «9«tloiii]3s« fho floatna 
9pitlitllmm of tli8 raetmm in this segion i s £bl^9d enA thin 
0G«v»9»d tilth is^iioai Wmim i^ hinh is e&rriod onrer the roetaX 
pad^ al€io« I*0fite7ioxiy t ^ reetum isoi%tri«t» onfi leatfd izi^ 
m mmmi nwam tnhs vMoh opsns imtsid« thxoti^ rh the mm (fiE» 
0O>t Xzi a oaposi«>«<iotion ^Im mem i t a treuBvexse ai i t pxt>irided 
vith eueoios (Hii« €@>* 
Xn ^ 0 hoi^ is^ '^bfie 0@rtel <1910) v»povt» that th^ iisasisa3. 
eoli^ lit tli@i MuSiKtit ai**a appaastsizt aft^ a? 5^ hours of BBSHim hut 
ba ^98 mt mtiiixfx tha px^ aaaod of an ina^ LaaX vim ^^ ^^n ht 
vakt aasr mas i^on of tl^ i^i^ai pa^« fhaao %i9r@ j^irat ohaaapvad 
in tho hoii92^0f MSA UMft^VI^ % U'vemmvSBB ih 18$S» 
In m adveaooa inpa of tho i»th MgnhBlft fiifigPlAft ^^^ 
tM 0ilh9Xt (1910) tovoiA that tha ^ii»xaX opithiiliiim of th9 
yweturn io '?ol4ftA aai oapal»io of eoaai^ipahia axpanaioa vhea 
fillad* Xtaa to thaaa fi»ldi]^» th3 lataraS. eoXI »mteaxi»8 ara 
iailiatiiiet* fhagr X t^fthay tapez^ that tha aaila of tha «oiiasn3. 
apithaXiiuB that aya altaat^d avoaaS tha davaXopihd vaatal padt 
ava aaxvowir than othava and aza evtwad agaixiat ^la vaXi (Kf tha 
vaatai aaxia* fhoat thar ha<va t«amad mt imdiaX oaxiai a tam 
th«l tmm haaii aaxitav MaA hgr Oapta and B«gr«i4ga ( t9^) in tha 
88 m 
atff^stastiatttd 9WVH waS»T M ^ eiagnifteattoii of tto l l i ^ 
QSKl^ '^  mm& e08ta?ova»2r* Baxti«r voiikosrs imeleaad tbe fiiaetlon 
QTrnm* Wsmiv9Vt Wig^otmertii Ct952) glioiis ttmt tiisy »3» 
tnirel^d la aati^o tmomv&v^ of lone and %ra^ Qr anO tlmt t)i9 
if^otel. gSxm&n mi& ^sotsi tpltl^Hsiia of iHBOotsi soaljsox^ «^or 
IllPOtSt "^30 &3SMWiW9^ l)0tS03?O H t t f l di90l383?igitS Altd ISIHO p3f i^ < ^ 
iJE^IfllaiXfe pSSIS^ I n HSkt^ Of)ll3ia?1?0tiOll# 
It i s fi!0<pt^3ll^ otatoa that ix3*o l^a3f oeoa2«eiio@ of 
seo^il glenis &dlto to the mSitm£ltj in dotonoiiiiDg ^tmiv 
fmiotiosi* ftOM i^ir esm said to tio aibsoixl fxoa moxfly a i l 
l«xt%«f ^mt Ooiooiitom and « i i Bi^jpdonu Clam (I870i t^ o^ted 
W ^Im^mwsv^, 1932) fointod mt that whon«v«r ttis xeotai 
isiaads ai^ aliaoatt tlsa entix^e x^tnm ie liaod HQT imi^xm 
ooltBMDar or ouHoRi opitlioiSstm of tha aami t y ^ as that 
eowpMixiS tha xvotiii gtaai^t nhairaaa vhan x»etai giandi Mm 
f»Niati%« tho iataifoiil^ epitholium i« aoxe or laas irostiisiai* 
Xt is thavifoyOfreaiioxiahtQ to »«ippo«« thet this tpuiifovm opitha^ 
ii«B and iHm rootai S^lanas enhBOXTa a OOIHIOII ftimtioii* Stttdiat 
of tha xootai apithalism in ^ m*y.1'-]"fr »^« that in iShtt larva 
Vh»y9 tbo soetol pn&a Bam ab»(iiit» the x«otal »pitD«llsa i s 
eowsmm^ at tm\Am3L <M3.1S tom^m a s lu^e lajror t«!)ioh folds 
to £b»i fizigtif ttk® pifQ^90Umm tMe tho lu^a of ttm fenton* 
Ae tba lAwa ehmeitm it^o pxpR^ ttm tms%$^ pmim ^moltip and 
the mmvoX mpttheltxm of the reeton i s xoaaoed to a tMA Xajrer* 
fhie oliioiw&ttoii la pi^esosted iitre to imiiijovt tiie iriews taeld 
W ^t^mm&rth «ai ©tes ?a(!:c£riti%g ttm tmtsislmm perfoimeS 
l93r tlid iptetel pads ana the vcmtal opiti^emoB* iMt^v W&&0as®tX 
(i9H% (poted l)^ 0iip%& end Sesvidgpey 19^) pointed oat m^ 
the qjsmitlt^ ai^ eoi3oe2itaeQt£oii tsS i^® iii!ln« flmllsr eiimlimted 
wmt h@ Qd|imted % the «@titiin cset^ s^ diisg to the need of "^^ 
*- 9© 
1 * f lm 0«atPBl BftxiPQiift SsTisfosi o f tl&9 S«v««i 
fb® is^otxal mwovtn s^toia of the tmrta of .^ ,451^ ^% 
t |%^ t)0X1f8 INJI^A 
CI) Wm ^mim flm larvsa WaiMt i& aiiri8ibl« into th9 mvxiX 
tlsraa ^ifts ii&uQ«2|r *^ se pxotoodrelm^oi* a»atoee£»la«i& eM t!i9 
tvito(Mnett)|!m3* Its oEilB?3poiii0 oipiglsi ims i30®ii aesoxlbed % 
ta3K»dal> (19^) f^ lxa^r in ^taiia* f t ia elaindi to h&m 
oxtgtmtidi !^ tbd tmiQn of ttsrae pi^ iif^  of EsmSLtJoM^ mmmm 
0aaf%m maiflf ^^tloiest^^ B$ taefMm vepoiPts tlio ia?<iseiic»# of 
fiWm m^&n Cnattvo^le) (Kitma«!^ t3ig ell ^m tisree pfiis^ ai 
gcungiiaw In tha iRin^ tht Ivatzt vesmSm mtSiff@V8iil£ate<l esstaiv 
sfl^tj into i t s oo9po2iaat8 pavto* Soriiki s^etioast hommeTt sboir 
«lff8i^ tto psvstiieft of tim moiTOfilo l»tw»eii tho paire of 
tm9& moEllMm vMoli $m indioatiTo of tbo pgreaeaoo of i t s ttse99 
mmffimmxt 98i%»« Wm staropile ie so deaie l^at tho iadtviaaal 
fitooe fom diffiomt to identify* It io euxzonndoa iQr m teli» 
«at« iiiii6olI»l.8V noBlnmne tho iasor nonriUsasft* fh9 gaoglioa 
e«ll» av» «ig«3,l and nmrna^ A »itli ptroaiaBixt zuoioi* All iSioae 
ftolls ax« looatod i^tHin ths eoirtiflnl x«gion of the \mdn vhioh 
i s fifvimiidoa ^ an otitor iiotavil«»BS« 
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in tbo tinst iaotar m eoiqpved witli the 9iip» or ttm lato 
lAWfld i!3«ta«ft»l» tfUloh tho Isamin Is «xpiiiia»d Istozsaiy dB« to 
tbd intareasins ^tm of t!»i opftie loli«i# Of tlir tl»«o paartat 
tbd protoo«X!olans!st i s the lojretwt wliioh oeeupids a t&xi;^  Bpaoo 
in tho omiditia* ta tti9 tsidi^do^al mgion Him two 2o1»9 of tim 
T^eo^semm^mm earn pwttf &&pmmim^ liy a eiodiaii 3ifoov«» latta^ 
al ly ttoiir espsaa to fo»!i tlso oirtle lot>9«* t^oe opttio aorroB 
{ii?l«e liBtesrstlly 1^» tl^ e optio lotioe oso on oaoh 8i4» emd aro 
<pit9 lotig in the lasPVE CPi« IXf Hm» 70»7S)4 
t9i0 isuteooxvitsirtzB or esiSlbmiQ l iso l)Olowt partX^ 
ooBoealed tjgf tM tisifoteilii* Xto tolaoa &m im^ uw03X&r ana 
«aii sosomoair l9« antootod estorn^l^r* It io oxeLjr ia ooetioae 
ttMKt tbS two l0t)08 idth tlt9 ZI9Q«>0pil@ 19800619 VioibtO# Wom 
antonaavy aarfoo iix« tis&n end oslgtml^ fzos tliestt lobes to 
Thu tvitoo«r9li¥El lobon em tho eiallAst aai aam ifitely 
••p«x«ttd fxon •Mb otbor postexiony# fbo a t^urei^ ile of ••Ah 
!•%• fonw • b x l ^ ttblQh Is coatitnod iisto tbo tiro tmmst^lxm 
ov&Kiiifttixig fxom the iroiitxolatoxikl aapeoft of •aoh lobo aod 
loin tho •ttboo0Qpba«O6l gsoxigllon bolow iVl* JX§ fig* 71)• fb« 
IftbiTBl aeyvo oriisimtoo fsom tho txitoeoyobrea antf inii»rvat«8 
tb t l«lieiia» 
Wm m^mmis^smm^ ^ smglS&n lion limt li«lov th« 8tow« 
^atmi* fli« maemm aofiMim from Mm sttl»«aopltagttai eim^IMn, 
8itlxe»9sop}3aa^ al gatisllfiii giires off tvo eotmsetiitres iMoli |oia 
tii9 £iz%i't th&recie ganglion* 
ttim& tn ttm ttmmji^ -mgkQu eM o i ^ ^ in ttm &fy&immm flit 
liUit tw^ ^ aMaiBiiial. &&m^^Q ^^ devoid of ^an^lia iPX* I1X$ 
ei&a0Mn i s la^ g@r tbaB WB f<@)it as i t i® f&3?is8d I17 t1m tmti&n 
of tbe €li]^tlit ia$Mh enii tmn^% ^ogLit^ %n t i e esslosrot f^ri^io* 
ioisi«sa3Jl9' 1 ^ tmwm oord ai^iees pooterloiely f3K>m tl^ etil)Q08&«» 
ptrngsai gaa^ion ana qston^ aliaost upto tl3e postQrioir 0n& of 
tlMi toi^* fb# ttmt %hm9 iimrmiUi ^oaglia ftso iwrsssr thrn tbd 
a1»aoi)lii»l ones* ^3a& latsi^ axu siilwa'tMdL i a miZ9§ with th9 
^Mfytioa of thB 0%09W^h wt toiesinal gsui^loa vMidi Is wa^h 
tmtm** li^ott C1924) imports tlmt t)»i l«sva 1^ hontyNit also 
li9tt«i«i» ftl«f«n ga»gli« wit& ttio 8iise t i s* vol»tioattli% m 
i s th« larva of /^ fV f^ff. ffpfyf.^^ fliir@« ttiosmoio and o i | ^ 
«1)d<Miiaal eaiig!l« ax9 alao tmo& ia tfao lawa of fliliirMMffyrTllH 
jIlAljae ttft 3Nipon«d ^ Siw^um <1929)* AU tboraeio gsnsli* 
giv« out latondlly two pftivw of mrvss ia oaoh oopioiit* lacm 
f imt pdr aiplios trnta. th^ aatoaR>lftto»il aefsia of t&o ^aiigli* 
» 2JE£It flflEn 79?« 
mMoMA'v^ %t tm ^msttSmii m^fSi^^^^ p»wmmm msoy out piKia? @t 
liievafihiMi lie UMI tmzflE i»iae3l«e and irtwcstt* !»» %E»iii4Eii^  #»&» 
U«ai 09m out l^ny i»ftv» of mmm^ fm nxts% po&r «ilo«ii 
irt«o«vft of tl2» ia#itli iSb^ffiliM KOipiQKit* ftie ««ooiid iic&» m$>wm 
idath laNtf^ tdiuil mmaa^w ^^ •Uit i ^ v sselat^ tmm i^ poiitiN» 
'to lUliv Iwath oiyEpBiKiet* lutiSBtiaSUtsr tlio SMiilll x&txo&ttk 0BS9i0i,&ix 
Of t l o ooiiE«ioM>f iai» 
( i ) f2i» Bxoliii flio onea^ l?v^^p« ^ 0 0 net ilioir may wmk^A nbmatam 
fxo» tlMKl of tiMi Xftttoar a«rt«X iaotiani (i>3.ait fflg»7tt tl»3IZ# 
thB ehmmB prGi!re@®iir€»i^  wekn thBtr &ppmmm& in resptet of 
th& vcxim^ v^xtB of tim mw^mX nm:^^ si^taia* 
In p&pk tim diisd of tim ^ a l a iMmmmm mmt^vaW.'^m 
Mtorally tlio f©»ot»siii f©i?w} a ooaatyiotioa Isstwooa I t (m& 
tim ©ptio lo%0o» In tmntax umtton tha corpora psito^wlata 
tfeifife fltowitis ota3l£ trnfl two eaJ^es in tJio upp©** ^ r t of tim 
Bi© ©ptio 201100 GTO lalESo ea^ f>^^^W R<*a^  OF^ iso 
iGtoralXy* ^^^y £&Ta © o©i^ Xi» ofotoo of ftteso aa« syaaplsl© 
«ISioRo wMotJ. or® «^ocii^|' irloible l a a %© Sajm oM fsspa 
( a » XHlIf lls» 80S fl# SWIf WtB* SS)* tts^ l?©ot rottsal 
filagQs af%Qr l^^^im "^ "io tosocoat neatasBW OJSlJor th© loialiaa 
gax^lenorlo* Sao to tho iaowaoo i a ttm ©is® of tfeo ©ptio' 
lolw enfl atoo t to <^ !^ >oimd @yos tli© two OOESS olosor o© ttofe 
th© iosietb of tiio optto iios?wi &© »oiwc@^ eoasiioraiJly* $J» 
I«5t3Qa e:;«r!lioi3axls &M tlm soiuljla ^xtoimG ©r^  cosi2^et«<l Isj 
orosa fiti?@@ tbat fb7» tba oiitor eMaosm» M#daiX2a ©xtorzsi %& 
an 0loi}^a.tod plate %lk& etxuoturet Tim tl'bma inh&t\gmn tho 
i;ioduXla oxterzia and ms^Ha intorsm foixi tlio iJatosrml oMaama* 
Edward f 1969> reports th t In tUo sawfly jgrtalJlBlWI» 
tift^ .iiiftftit the l-arval optle lobes hme ttooa oouropliso vMoh 
in tho propnpaX stegs di8i£it@cru.to aloiag witl^ tl^e aasooiatod 
gasgxicm 00113 and tMs prooaao is oon^loted in th« ^fmmg 
pnpft. fhe 6tructaa70 of th9 optic lobos in A»jBxafitfift elo^^iy 
a?980Sit}loa to tliut of ^^yf^ . ty^ft^pay as ^80i^ 1»ad la^  AH 
(19?4>« 
?^hi3 €9Uto«»and tritocerotJomi:! alao inox^aso in oiee 
correapoaSiafiljr tR»t tte»© appears no reoax^oliXe cfaango fiariag 
this pozdoS* 
la tho papa tiss layer ourxoun^n^ tho nsrvoua ©srotoo 
toaeoEos 13020 diotiact conslctinc of an otttor noi^eollular 
iG^ Qs* - tho nottffal laoolla ana c eollttlsr pof iaawjasl IQJ I^P 
bosDatlu Sls3 two pat toGQtlior Goastltute what All <19T3) 
torma 60 ^rilSCTS* f^ao O0IIO of tho porlaoujml laj^tr in 
tho larva aro opindlowehapod ana lio ait a diotanoo fzoa «@oh 
othor hat in th© pupa thoy hoooisQ novQ cong^ aot particttlajciy 
on tho aoroal ousfao© of tl® pwjtoeoroheal lohoa* 
Alt (1974) has stuflioa tho norvoos oyatoia of th« 
iaamturo etagos of Il«Bln teMMtlflia ^  dotail. She has 
aeoorihed fmv tjrpee of ^ i a l coll® in tho oortieal region 
of tho oentxal nervous oyBteri, Heywood < t969i q,ttoted hy Alit 
t974) haa given ae hrief aoeouat of some ^laraoterletios of 
theoe eelle in 2iis]:ji& 3SIMaXSUL* 
fim typa 2 Glial calls constltut* the portlesuna* *^ho^ 
BTQ i^mUl and fora a f la t ooatimious la^rer wHeh i s ir@s^  tMa* 
©lifflsot lasmtxrainmD at placoe In t to f i rs t inatsr liocoaing adi» 
aietinet cma thieicer ID l&te instars ond in sapoiKipa euad i^pa^ 
f^pe I I ero ocattarod tetirooa tho poriaaoriam aad 
nsaj?opil0» t^ bsii? ijaeloi are ephaz^oidsl or olllpsoi^tea, i a 
!5?ho I H t2n?o Qt c l ia l coll© aa?3 isoi?© compi«3U8 iKscasis© 
thay aro racocatsablo &10 to thoir d a a t saiolol* fbQBQ QJPS 
<3lonoc»t#d witla Qooewbat ianKj^ rolay InmDaajdQo aaS «»# fw in 
TtoQ t;yp9 1^ ®3^  onatl and fora a ©haatJi ouyrottBifliu® 
the aoaroijllo oafi oone can also t>© aeen ccatter^d in tho 
tfisiaajopile. !?h0ir nuclei aro oval or ©loai^t»a h&rim l i t t l « 
cytopliisFi«sQ that the mtoldus &li0Dst f i l l s the calls* 
l a fithtiia piyrziiaa ttaoo t ^ e a of cel ls aro rQ00{]:aie9d 
la th® cortical reuton togetiisr with tho odlis of the trnxti^ 
lemtoift* l a oaa caso tho oolla aro quite s^^ll zouadod in ahape 
with SBall rotiad®d moloi* fho coll eteaearo ataoat a*6 skiczons 
ia diaaxitor* ^ 3 eeoond tjn?^ are alao roaadod i a shap© tnt 
thoy are larger i a sieo a« coi^^red with tho t l r s t oa» end 
ffioaBure oa aa average 6 Mcroaa* Tho other colls aro larg« 
with irzvtgular boaadazios and oval nuolAi and fs^aoaro 13 microns* 
ft 
ia*i a t^eiajyEyi <:Nf 1 ^ ISMXI^ IMI liJMatt «iMl 110% #MMI' iist 'ly^ 
fiss mSim%mi^m0^ ms0S,<m tM w» pa^ not mo^ 
lzi«l«aS of a^ ont m& ^MM miia^&m ixmm iMm ?1>« I t Um 
o«i»itQ^ir«i oiMi im «lfNNr i&«« C^?]** ^ iCIIt tiiE* 76)» 1$ iii9i>li«» 
JffiKEir#6 ISO ISlM IfiM^MRb JBKiiXlfMI WSA MHElftllllWi. 
IMydLOtt* l lM I f i Z V f fiHIHHlril.?¥*l •MHNft't i s MHKDMNHMril l l l l l l lHI I - ^A 
mm tgm0imsS.e mum of INi Iwt tm9 HftfU g^^ ir %I $Km m «&ii«3Mi 
«dMKBia i^ iS(»aiiiML »iipflixl«K mmm m0mmm mm mm mem 
^i&i««le 0mgi$^ mnaiWklm^ lam Hf^ rvt mwSt int p&^»m flit sdM 
&Edwaxd 
iMi "^UMI iiiMl$ f^ iilit ff#l|[ii!lw 4i,€iM99Elft tnn-iTiiiiiii iklniiiSt HAJC 
t^thA uoil HJUJuiitii »lMMMMi l a liliit tttatu'wlt Bivtottii w l i n iKf 
q^ i« 1mm ixi fiM fifHx ii»%iv l«arv» i i t tfvwuiar ftdniMift ^ 
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36 Isotire of lup&i l i fe oM azw no Ioniser aistinet in 
aio6«etiot}|i» ^13 3nl)oe80pi]agefil. gKogiXfin wmplm a 
positidB po@t0i^r to the Isamia and ^ t s oostplatttay £^a»4 
vlth it* %^6 ittteypuil^ionie eoimeotiir^fi in tho f»gion of 
tho tborest wMoh am eleaxl^r ^abl« in t ^ larva and mafly 
pr&pxp$l stacso t^ soom £Si?6atl7 r^ axusQa dorise tho lator 
^m0lops@ntal staged* I?li08# betvdmi pxotliosaeie ana si^ta* 
tliosEOio ©aoglia oal^ i^ ossaiti sepaxate i& tli@ lat@ pxp& &a& 
in ths a^l t ybilo tho WEiaiaing ape oot^let^ly fUs^a witli 
aQjQh otbdv* Aft@i? atiotit 7S bouxx} of linpal lifa tha isaso** and 
motatlioraeio ganclia and fiirot ana a@con^  abdostimi @ai^lia 
a l l aro fu^od tog^ tl3@z*«. ^!im w£)ol@ of tlt^ t^imoioo^aMoisinal 
ganglia hme tsoved anteriozl^ Isecanna of tbo ahortonine of 
tlJ© ooanactivos batman thea. She furtbor sraiiortd tliat tlior© 
ia no QVidanoo of an^ looa of tha ganglia as swicastad t)sr 
Haw Poa?t (1832t 1834> • 
Contraotion of tlia n^rosenio tiaauaa bm baan ftartliar 
eonftnaad bsr sawarda (1969) on li9:pidopta3?a* Quoting Hpa 
(1965f 1967) on fia3iay*^fi i t was fonnd that tha ahort^alns of 
tha oonnaoti^aa i« aoooiss>aniod 1^ eoiling^ and looping of tht 
axons vithin tha n«azll«8»a alon^ vith tho eontsoetion of tha 
glial olaaisntBA Bearwood C196$t ^tiotad hyBd»avd8« 19^9) on 
tho othav hand ougnoated that in y^«y^ tha xwiosption of 
axonio oatazial loada to ahosrtaning and not tho looping and 
eoiling of tha axons* 
m 1 0 0 «• 
file photosoeeptore of it3seots loolade doyeaJl and 
Xater«k3, oo«3.ii and thd eompouM Q^/m* XhalWte mm imoet 
larvae f tiie tar^ m® of aaufXida possess oxily ons poir of 
larval oo0l.il or atoiamta* In ^t^ialia ftumtoft & pedi? of 
latesBl ooolli la fotiM lat@3?a2,t:r on @mh &Me of tl^ btad 
(Pl» ^> fteo* T^Df 72>» fbQ^F eae& mvmmme^ \^ a aaxicly 
pigisoixlod area* %^o aaiJio pi^sontatloa la aloo olisoj^ v^ d in 
othBT oeufXleo oo lii tlio S^ ks^ a of I n d a trilflfl!ir- (Hiloot 1^6)« 
of BliSlfill SUA (A^mt 19^) aa nail aa Sn £:&gl^ l^a MsS^ft 
ilVBxmmimSmm m& Immva^ 19^)• cuo pair of atoiaiaata also 
oocaro in tha laxrva of tlia Bm/Sl^ 2MSESk iM9^T$ 1974) # 
In tlia fisat iiiatar larva of 4» 'pyp^ ipf ^^^ r^o gtuita 
distinot* Tim o»ly obaaga olssor^d in tho laxiral ooalli fro» 
the flz«t to tba last imter ia tliat Hiair aiaa iiic»aaaw 
after avaxy aoalt oorreapondiag to the eiaa of the head, fhe 
Btesnmta start diaoraaiilaiaB aariDg u^» prepapal period and 
diaappear vith the foxnation of tompmiM e^a in the popat 
leaving hehind only yaanante of the diaeaisaiiteing pi»ent 
eel • 8 vhloh fons a oaaa lying near the optio lobea of the 
Saeh ooellua ia pxovided with a traneparant hioonvex 
lane helev whieh l ie the eermaaeaotta eeHe %fhioh are devoid 
of pigmentation* fhey are lon@ aella and oeeapy the oen^nl 
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part of the ocoilue (P l , XX, Flc . 72 J PI . XXIV, Fig. 84) • 
In the besal region t to retlnul&e col l s ar© prooent. ThiSy 
as-o long pigEsntod ce l l s , due to which th i s part looks 
black at a calance, The central rhahdomo la said to be secre-
ted by the retinula© cells* The iimer surface of each 
ocellus i s lined with a thin basement nembrfine which i s 
continuous ^ t h tho auarajounding epiderinLo* The proxical 
piwcesses of the ro t lnal co l l s :Join together to forn tho 
optic nQWQ <P1« XX, 3?ig, 731 PI . XXI, Pig. 73) • 
Electron rdlcroscope atudloo i n the oawfly ^pr/^ 
(Keyer, 1974) hew© shown that tho comeac"3nouo ce l l s posses 
tooth^liko projections into the corneal cuticle aid that the 
re t inula ce l l s fosto coluims of oicht uni ts which are ieoletod 
from noightourinc colucas by long narrow notScs of (Kjmee^jenous 
c e l l s . 
2* The 3?evelopEent of Conpound eyosi 
As early as tho f i f th ins ta r larva the priioordla of 
the confound eyes are d e a r l y v i s ib le In the form of an invagi* 
nated fold of epidernis lying in tho neichbourhood of ful ly 
formed la rva l ocellus ( p l , XXIV, PIG^J^ d5, 84). This thickened 
optic disc measures about 37 microna across. I t s extreme 
l a t e r a l enda spread out end turn upwards to form a thin membruie. 
The hypoderrals accompanying the body cuticle i s closely applied 
to i t (Fig. 83). Between the optic disc end the oveilying 
tho saufl^ r rftHlffrtiift f^VT^*f mmt&&v VOM mmi^mam ^ 
repswetiit tlio p«3rip?3igl mnlnwa^ tgr a»a2«@ar wil^ the 
im^nai iSlamof other or^aos* Xn ease thie lM9»pmt&W>n 
i0 eoii8i<l93?^ dl iralidt ot i s in tiie pyodaat caE}<i» tlx^ oaivity 
QDolos^ a |]d6o&»i the ptripodi^ esvitjr* H I th^ eolie of tuo 
laoiia dieo ai?e a l t ^ at this &taa@ aii4 ax<o )aiotxllxit«<l in mm 
iiMoh. aro aSjaost at rigiit aii^ee to tho lam osio ot t!)o aiso 
<P1* XIO!!!* Fie* 6I>* Baoh OQll ie alost^tod Mitb tap«dt»g 
At tkj piEOo wtiopo the optte a0i?V0 Joim tto «i®ei a 
©Eoap of ©oil© tmlllso thosa <Kr tba p2ata ar© ^fosoat iM.^ 
foim a acBll eoustd saised atx^ vo ^lo sffrntoX imme idireX of 
til® lOato (Fig» 81) • I ts eatla are i?oua^d witli irvoid molai 
ana x^ som i^la tha gai^ioa ooila of Htm optie gas^glion* !(3iaa9 
vUX ^im xlee to tba mxirm fittroo vlAnh will spxvad oiror the 
«et)eltiYa part of tbo plato* fba tVsrm of fim optljo ii«nr« 
origimtiiiir fxoQ tlio optio mmiXon axt«aa into tMs rogioa* 
Stioli i s '^ Q oonSitioii olrtaiziad in tlna toat iarva]. iaitav 
(Fi«# eg)* 
Duxinf; tlia fiXBt tvaixty four lioavB aftar the larva 
®oo8 into tho to i i for pupationt i^ ohaogo in tha optio diao 
ia otaoarvad* fho lataxaS, ooalli also do not ohow nxiy oiip of 
dieiz£tesratioQ except tbe foot that the 1)9^ eatioie in 
t^i03?Q3i loosens frora olos@ ^on^mt \tith tim uMmsx^^im iwo* 
^mAm* In tho s@Kt tw&o^r ^^^^ to ^olift^ six hswm ^HQ 
3.900 of tbo oooXltis so]^mt«o (Fig* 04) fxoa tim oox^ QoaaioouB 
o@ll0 ana tho irartsimaa,© lxi£^ to oo2st3? t^ DM aisoxtioai^ ee* 
f^ <31sorg!aiii8i2Zi? pilPd»t i^lls eiustsr tois^tliov to foxm asotrnd 
aao808 oov@i^ t^ a tMi& i-mtilm&mm % tl^ fifth aar of tl3» 
pTopitipal life tboso mmmm BX® nmn Wlm tho aovolojiins optt© 
i^ieo (fig* S^ >« t&tQV tbey t^sgin to i3ovo imsix^ oXom t ^ 
optio mrv^ I» IdJiO oewfi^ r yontafi^ fflgyoag the fias^t aim of 
dootsuotio^ of the lomBt ooollm io tho ^^mmam of isolated 
ficBoal csjewsaloa aloag the optio s&xv& ess ropoajtofi by Ivcajovo-
Kmm and Xiranova (1964)» 
Xn 4* iffeag^ ooi3«(tZ3?y0iit with thooo ohazicos ixi tlio 
ooolli tho also of tho mts^uM 09^ thiokiMia furthos? ©nS 
moaDttroe ?§ mlozoiiB in a thr@e asjns old px^pupa* tmo eoll^ 
compoaiQg ^m dioo aro now aifforontiatoa into two mmt$* 
fho Oiotel isono rnvspnAQtm a eozitiziaoiui soif of etaeUt vmn<a&Q, 
oolXe ana a haoel xeglon eoiieifltias of a^coupe of t a l l OOIID 
loaTinc oval opaoos in hotwoan* Moantfhilo tho <iiso ovorte* 
In a fiw dajff old prepupa aoiao isajor ehan^oo wtmf* 
In <3iateli eone appoar pisgiont oollo dlstadixitod in two v&m «* 
an otitov and an imar (Pi* XK^ f Fig* 86)* f2^ oells in oeoh 
aBt>w ooso into pairo loavinc a osall olit^like epaeo hatvean 
adjacent paii?a» Bosh ^otal piipoat ei41 waamm i3 m$Mmm 
lo2i@ und 4 mi<»aR}»s vide* Wm GQHS of the <mtO!r vov jmaanr^ 
7«»8 isiexoas in lon^tli and 3-*$ iiioKom in «|dt)}» flKie* eiAlA 
as ahall 1)0 eeea latent v i l t give sise to z@tl39itit pia»eal 
00Xl9« 
Ae tl)d old caHelo l)as aXimady Xooii«89d a ]a«ir ontioalaar 
tM^fm i s eoosmtdd wM h^ i!t«asu3?Qa t ciijoxoas ia thif»lcattsi8» It 
ie alie^ittsr wav^ in outtine and lator fof&@ tba fiaeotB ot th@ 
oossoaa (fi@* 66>» (SMs tasror i s oaid to !» soorotod ^ 
oo«%i@ag@n e€3.1a tiring \i€Lm i t and in mxoh, mmm i^tmr& tisty 
ca?0 aix5oafe, tlj© coxnoa io eiaisad to IJ© oooroted ti^  03?^tallino 
0000 0611.0 itwsm§ t9?7)» In PftjLandra i?^ y?^ 5|ia* lso¥9imsf| ttmj 
&m mvortQ^ ^ 1J9 tbo prodQct ot iJPia and iAm vttemvm ooilo 
(!iii«9?a2r and ^oi^« 193i)* ^ith tho mutiny taotaiqi^o os^loyod 
in ths x»r$sont aa»fly i t i^ anoot l)o said ^ t h any oostainty tJbat 
tho indiotmot oomea^n ooila o^ld ^ oonsidosmd veaponoimo 
toT emv^titm tbe less* Simnova»<Eais@8 and X'vaaova <19^} in 
the savfly f^nitf^ft <^  i^t esako any sienlion ot the eoosoe twn 
vhioh the lane ie eeozoted* 
The oone ceile of a five days old pytsupa of A» flT'^ fTii 
are vegavded in the pzeeent et»dy as lying hettreen the lower 
ende of the dietal pair of pignent oelle f oandn^ an ieiend of 
protoplaea in vhioh a moleae i s not olearly iriaiiae* It etaino 
105 *. 
lightly with lm«MitoxyUii m& «o0in mud pe&lmUy mmxeim 
tha osf^taHine 00119 in thB space flaiiced ^ %im uplxod i^ Lih 
1?l)e %riatb of tha dlee et ^ila otaiso 03983123^ 0 a^ Nmt 
toa isdo»»aai* fhd x<9tlnai part taoa^ ttxoe onljr 6$ s)ie»e>»B and 
ooasisto of eollQ wbloh fo«a v^rtieal »sii» along tlsa l»8eisozsl 
m^ %a*aii0« X» tHe aaHjr stages those i?mai &m aot eqioalS^ 
<3@v€(lop0dt 00139 fa l l &h&v% of f^ aaeliliig ttui ^xm^mmM m^mlamm* 
fho isasoiridiit ooaln^aio msQmv&& a%out 4 mioxoiis* fl39 odllii 
of 3*otiiia po00@0@ pim@^ gx©i»a iMoh ai<@ diatHimtaa m&^f^ 
^fm iajStiridQal o&amtiaiie^  lia:^ not 2 ^ 8®t th^ ffimdlvoei ia 
yogalar orS^v* 3^ioy ar© s t i l l &mn ixk fsvmipd of ti^s or tlsrs^ 
s^paratod Ijjr a ©f@0O and tev'o ziot y^t mmm$^ a fom imstieal 
to thB iBsoo^t m®0t>jsaiit* Iturtliert betiif^ oxi tkm ad^aoaat xetiiml 
oolle a ehoath of ol^ar o^pleaa is msn at tliis stago (fig»86), 
At th0 end of tli^ siait^ 6a3r of pvopupel l ifo %jlbm tbo 
larval a}£in ia oaat off and tba i^pa mamma i t taa daxic 
oolouraa ootsgaaM 0^99* Haxixm tbo pupal l ifo not only tho 
eorvatttro of tha € ^ tnt tba total aroa on ttia liaad oovarsd 
t)3r tha ooiggpoima e^ raa ineroaaoa* longittt(Sinal aaotions paaaing 
throuf^ h the 9^ at this otaga ahov that tha lana hao f^arth^ 
thiokat^d to sioaatsro 7«@ cdorono an<3 faint linaa atstaroatitig 
one lana froa tha other heooine viailJla (Pl» IX^t 7i^* 67* 36)* 
** to* '* 
loi^im of tho %em mamrim 20 silGssoaet th« total iiiatii of 
the eye tmm Hkm antaidLoir faee of ttm X«m tipto '^le liQsdSi^ sl 
mm^mma %& H3 m&Mtom in a aawl^ r oioix^d pupa* 
fho or^^tailljae i^tm oBsmmn a eoDioici t&r& 10 esioxt&aa 
h i ^ with a 1»»aa 1)^ 00 ssiiaiBiiaeiisg 10 iMmm {H@# ^>» 13i» 
ii*l0 pt^nmt oells f ^ l apEirt ana eomv oisdt^ r tlie oonicml pari 
of tl3^ <!ou®» I ts l»0^ vmt iB froo* Botttc^ m 1 ^ lamm of 
aa|ao@i&t corns a soso of protoplasm to soon ^ t h an indULstiaot 
^ua^^rj oM mol0Q8« fliio hm ^^u liit03?px«tod hum m 
imwmma^tm tl)i» c^meeijoii oollo* 
In tho rwtimX part* onoh x^imia Ixioocsoo <2iotiaot txit 
lt@ eomponont sotlsial eollo ootas m% t» oxaotl^r oomntod* l» 
tlio sddaio of oooh xotlmXa s oloaa? lino la irieiKLo vtn&sx M|^ 
oagaifioatlon wbloh form tho vtmlb^mm fim o^wroim^iig 
slieatb of the x«tixi;ila» x f^oxved to oBS^ ioVf iMNSoiaio plguidntoa 
and foren tho oeeoisdar^ pim^at oollo osetgadiiig npto the %R8I>» 
aont iBOffihsaho* fho nmon& mn of pi^ieiit oolls Ijrias telov 
tho sow of psrlxiax^ piiseisiit «»lls dispovBO along ^ui «atii;« 
loaiEth of tho ob^ath to pxoiddo pigs^xt to the ahoa^ ^alls* 
At tho hRoo of oaeh retinila thoro ia a e»ss of pissnml en 
eithsr s l ^ of it* 
• 
la a two aa^ old papa tho lom ia 13 mioxons thiek end 
tor-
10»20 iatei!0JQ8 lam iMle&Hm timt tibem i» AH izuHni&at in 
tMokneefi ecteost to tim extozxt of txiixis dontjaLci to vbat i t 
ves in a tm/iT mmvm^ P ^ (Fig* &9>» 
'Sim iJTissapy pi^ gaaat oolls now oowr tia© «^i0 of -^ tt 
mm* t^o 0000 il^i^f is a liosrd i^^freotiw otxitotnre wMob 
io forma t^ tho trcmafosemtion of tUm mm trntSm into a fouir 
paa^ t or2mt@13.ine oomi* In a ^mmmm^ sootion tlao^ o tomf 
parto art etoMly BOon (WSs* 09>* 
!^lto rotimla at tH@ otsi^ strai^ton out and wBmwm 
1^ 6 isiox^no in lon^^ staining tiio OlstanoA %otiioon tb@m* 
ffm ^gc&0ntation of 1 ^ oooonSarar pUmss;^ mt%m tioooBoo mro 
attmannt* Bioy onolose tho ^ii»r3r pi^ is^ nt o^2» ae w^ll as 
tho a^tinnl mtts npto '^i^r tjasoo* 
At tiiio &t&m i t nonid ^ intorosting to rooaSll th# 
fate of tlio pig&ont aaaoes of tlia ooilli %Mch aam pemw^ 
iMilov ti3o doirolopin^ oos^ poana o^ rtes^  9}ioy join to form an 
irregular aark etais^ng ooiapaot mme lying at tits Inee botiroen 
the optie lolie and the eo^ KmnS eyof a l i t t le lateral to the 
formoap cfi«s. 0T» 88f ^ ># 
In the next twenty fow honrs (third day of j«pal life) 
the eyes aenuae ^eir definite fom liy ahovine Inereaaed cni»» 
"vataret eloee epaeing of neatly arranasA etr«ii£lKl onnatiaia 
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and a well sprtaS msrre impply ifta* 88)« th» optie mpt9 
at thtct stage is abort lyiiqg tn l»ttfea& t ^ full?' davelopad 
#ptie %0%m aad t^# oocq^ Gimd ayes (Hg* 8&)« 
Ao jtQ3? as the knovleiSoa of ttia liirittr ^00 # tlie 003^ 
%ioik of O0II3 oonaacpaiseo on the aavalopeitmt of ooiapotmd ^ym 
tn feiitfaz^Sliii^o ia that of XireisoiraplCaBas anitl fvaaom Ct9^) 
on the aawfl^ ypHtuMii f^ i?y»yp^ fbey tiaira isiirim aooa datalla 
of tha daatiitotion of tlia iataxaat ooalii sn& hm& apaoifio^lsr 
poiatea out tliat tisa loanral m^ pims^ iB »at ineorpoTataS ia 
tbe aavalopiiaB eospoeiiQ ^ma* Staay Hay© aSao otjsojwed iaaivl-
dual pi£sm@^ t 03»aim witMn Qts^l odlla fiimni in t ^ lesma^ph* 
^jis oteorTatloa acoordi&i; ta i^:kim provt^m an t&ataneo of 
phas^ Qy6oaia of f^ t&spfdl o^ ro* tn (^ i^lafiaym lOOGBiM CH^ a^ ra^  n^ ^ 
fiag^, t995) the piisatmt of tornm. ooallaa ia oavilaa tovrardia 
tba \3mXn aad seoaixta asaoelatea with i t vmSmt the optie diae* 
Thay fteivthar vaport tbat the pigiBaitrl ia c^taiziad mmk in an 
eight weak old ioisisa a»d there ia 230 tzaneisiaftion of the 3jyrvia 
piffasat to the inaaiiias. esre ae in £QSi£ill&ft* Kixo^ffer <1910) 
on the oontmzy haa ohoex<ved laoorpovatioa of the ooeUav pi#* 
taant in the aoqpoand 0:70 of HsOMsSlM^ 
fhe oheervationB of 1 ^ pieaeat writer in J^ ffpeaEi.tafi 
are in oon^ i^ete aoeartf with the iriewa held hy XiraaoiraiiiKasaa 
and I^ raneira (19<^) in y*#«M |^ft aa»yf^ and in ffilanfliii sxsaSMA 
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tgr t^rs&y end ?l«g8 (1955)* In tbo Lopidopt«ya EArardu 
(19^9) 3^388 ^ 60 poijxtc^ out »^Kt At suitaioovpliosls ttm xwsnmits 
ef t!i» gtmrntal fl^ iB0nt& ears eaxried tmriUNIs ^^ le Imitxi «ni 
f t mcst t33 tbtta eonottidsd tbat iSmm Ss i3o eontlmit^r 1)9tw9@n 
t ^ iaviral m& loaglnal i^ lee^nta of ttie 92?^  as mm3&^^ iQr 
th©r@ ai^ tl3a?e0 aosasal. oooill * tyo 3.at®?ail «ad oum meaianf 
piae@d ^rsailly on Him \mB^ ^m oomoai outicmia la tldol^mad 
ovo^ ©soil ooolltis iMm* 1^9 90i 9t)# I t i s ©l i i^ ly Mcoww 
cmia 13 ooit^inaed lat®i7@lly o@ th© gonof^ ontieio of ttio liaaS* 
fho tliiolcenod ions slsoiirB I t ^ t and a^xlc banSi at tMs etage 
(Ha* 91)* tl)ii3?o ox® two AOte of eolls «* tlm onj^ ^^E i^^ d 
ooamoa^motio eolle and piimentoa votinBl noils* fbo ont i^ 
oeoliua ie torooted Isy a aozis03L;f pignsntod oplth^liUB* SSio 
rotinaX oollo aro so M^^y pii;EM»itod that tBoiir stxnctsiv la 
not eleaxly "vistl&o* fho domal ooolXi azw jratainsd in %hm 
aaoat* In ^"pfa^ «ft tbaoe a^ va iiaya 1»an olaiaad to orlsinata 
fKom tha Ta^paQmee&M Imtepandaatly of tho fimginai Aim of tha 
eoBSMund 03190 a« in ju .fyny^"i ^^ ^^^A 'ac^ ^^  to in oontvaaiotlon 
vlth the ol)8ervationB nada on l^aQphiii^ tigr Bindn^iaa €1942t 
<|tiotaa by Iyai3oira»*Kaea8 and IvanofHt 19^) in vtatoh m»n l ^ y 
devolop from the nsam diso aa tha eonponnd ay9o« 
m 110 •• 
»iiiiuii ilniiiii in iiiminiiiiiiiBiii 
^\mt i%B3^$ qiooted 1)^  AXtSEOf 1950) • Itf&olovi^ Bki <1886) nas 
tlia f tmt to u@0 tli# t#Z!B *0#»oe^d8* l)ee@£t@d lie fmnA tlmt In 
fl30y BXQ ml^ti'ml^ Xam® oells foima in th& t » ^ 
ocwity QZia aro aseoolated ixxfsiciateijr iiith tli^ fat bo^ dUo aaS 
t3?Q9h3a3. Ixmiieliis* Ttm:^ hm® a groat offlcdty foT et&im* 
Tiaafiois (186lt <it©t0a W Al^ asOf 1950) notiacs Q eluos coaBQtv 
tioQ 1}@tir©^  tli@ 0&mns%^B mn^ the ts^haaet oaiied ttmm m 
•a?0O|da?atioii EoiXcn^ i* * flUQ nltm&inflXGtam aaa oytoehQialstijy 
of o&me^m hm ^&& ottidtied in mi3^ apoeioa Cll)ost«« 19S0| 
Hat3d3»i 19SSI solutsidt* 19611 ^aats^* 19701 oM W»mme^ 19T4* 
<|ttotta tjy IfflB©» 19?7)» fba ©laetioa of tb© oouoeytee in s t i l l 
mt cextaiiit tboui^ voiSsmfB nmms^ sevoral possiMlities* 
Boevat Ti«i7 ia t l»t tlidy sooirete outioulctr lipids or the^ oay 
Iw tlui «ite for oedj^ oxto pzotSixotioa* 
Goaorally tuo typoe of oonooytos 6r« Imovn to oooov 
( i ) tlioso tlmt ariso ^rln^g «o(toryDiiio l i fo and aara xo^iiaod 
in tha lartai i&atar» and ( i l ) tlio iaaginel oameytas ariaing 
lata in tba lartal or ^pal ataooa* faseooai (19^5) liaa 
lit 
veedra^d thd <»dst«zum of oemeTteo ixk thB «mlKr^  of 
4» l[^ »ft»irl«f> Aecsording to M& tb&^ mp-pemf in oataseHo&lly 
af!i?i»i6ed {p^ mps 43£o»ff ^^@ si#ia of thoi fivnt ^M^ alsaoistnaa 
sagmozi^ * WSovQ hatemng their vsgixl^ ar eo^ni^ ttia. arxBmmms^ 
i0 Xoat* f^^ aro nloo prasost In tixe tlsosraoio x^glo»« Xu 
tlid iavra and pmpip^ tlxay a]?o <llatidllut»a iii tbd !30d2r«»oa;vit^ * 
In tl3@ fiXBt lQst«ir lArm ^ 0 ^ are fonzMl aiat]?S.tiat9a 
ttmm^nt tlid Ix)^ oa^ritir CFI« IX?X2» f i ^ 99) tioi^ mmmm 
in tli3 abdoisiaal as^ glom voatxel. to tts® 0xt« ISie liond va s^loii 
i s dsirotd of tl^ @e mX%B in aS.i sts)^s# In ^lia instov t h ^ 
a«^ mo/^emJ^ tmM ©eattoiJ^a o» ia gmwps of foiia? os? fiir## 
tn tat@3P instaaa ths^ a3?o olooely aseooiatea tiitli tl® ^ * 
ooil© (%g* 41) • ^£^y Ga«9 of vaviotto ohftpwt sotrndoSy oimit 
oKlo^i coi^oai QM 3oisoti!so8 omolioiil with xotm^d QV @lii:^ 
@oid laioioii tho obisiaatisi gmim of nMoh aam 9ttl}9qpii3. in 
siso md ttnifomMiisr distxttxiti^d (Fis* 94)» 13)e ojrtoplauia 
app®a»i l imine, fha siiso of th@ oolls vsaelos fxoa 1S»t8 
ftioxc^no and nBOloi 10»t? isiovons in ^Jias^ j^p* Counts of ooncK 
eyioe in 1^0 eorial soetione of tbo firot instar iasnra ahov 
tliat the total naen^r of theao eeiio ia alioixt |$fO« 
Xn tho aaoond iziatar 'Uia alDEOisatin iixaiiia appaax* dia* 
poansta in aona oolla vhiio in othaza thay om mm oos^aot* 
9ha aiea of tha oonooytaa inejwaaaa and tmwn tmm f8 to 59 
wiewm with tsnsloi 19»19 loloxoziei in E^iaiaotoy* 
In late tfatard instar vh^i 1 ^ lic>^ oaMelo l^ ogias to 
1008921 px^p&ra^xy to ^d^iot iPPQAt ehBSigM oemx in tb« 
dQ£iOoyt@0* !%t® howmwaovm o^^pXemm ^gim to aho^f v&mmXtm 
B&ttQth %^0 imiimol60 tseios; etomXw opueodn 2si eomt otiiar 
mtlM adjoi&ixig iraeooX s^ 00@m ^ join t«»oet$i«r totis&ti& Xaaem 
0paod8* In mwa emxn t!Jo r^acn^ oXiEn^ on te so baav^ timt th^ 
oytoi^asm eladoke ana oiitot93»B soond tha niol^r affii!fl»!ene ana 
taone tli& p@sii^ )^ »3r of tibe eodls CFl« XSnxXf fie* 97) # ^ ^ 
nnoldosf ho\mvmf§ ^m not olsov m^ iTacmollisntion ow tm^ otl30r 
8i£sn of <llsint^ 33ml^ on« fl» elsmmtin gmlns n^^oar nuailSorslsr 
distritated* sncli m oonaitlon of oolio io oXm^vmd only in 
ttjo posterior roston» m tl3o ©atorioa? rsision of tho bsdy ©sU 
naoloi emtl $o a ^ro^ extont 3?@snlting in tho ohrivdiXing 
up of tbo oontonte to fozti an irvogutar mm& in tho dddio 
X^mim Maxle eiiaooB axound tim p&tlpbnvy l»ttndod t!^  irro^ d^iaaf 
iBiaioar laemttivane (fig« 9$t9B)» fhia meloar naaa ataiiie 
l i i^t iy 60 eoB i^^ red with the oondition aaan in tho postoadox' 
r®sion« fkm mXX eyi»opXmn aXao ehxiidca oonaiderahty ana la 
ptioxiad pariftiftinkaLXy alone the Ixnmdtoriea of tlit oail* fkm 
aiaa of tha eoU en an wmmm rsngeo fiom 5a»78 siexona* 
Prott thaoa otsaarvationo i t oan ha infaxarod th&t tha proeaoa 
of "faenoiiaation neiraa anteiriUpoatoriorijr* Uhila l i t t l a 
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deviation from wbat has 'bmn aeseritted al)Ov@ £» ootieda in 
the fourth iiistarf tho ooll. eiis9 izieipoasdo end t&a&m 9$«104 
tatcxooB wll^ xmelii 59 taiozom and sonoitiiasa uyto IB idexoiiK 
In thQ tblc&Qot paxta 
f 1*9 fiftli instar ohos*© ipKjator e^ *aa®© loadlsg to 
disiafceOTBtloa ot thsoo O0tl0# la tooth th® aat©a?io;r taad 
postarloa? rogiooo th^ coll Qis0 tacGPoas^ s and thty ststn 
irety hea;^ly ia haeBBto^^ln* fh© eoilo cons© ©o elm& 
togeth©:? that thay foKs a coatic^a^ tmss (Fis* 395 • ln^ow 
tMs isaso 0ua.lt0 in stich a way that tt fomo vortical otHps 
<Fi^* 39» 42135 aoBQtlBss isolatod aad raoro froquoatly 
fonaine tmsdies (Ste» 93) • la a irery late :^fth Inatoap thae© 
&tTipB ooat3Bot ftirtli3i*» Oeaarapiac esmm thosa Qasiiaa aa?0 
alao mm a fow scatt^ TOci aoraielt though smaHoTt ooaoaytos 
< tff» 41t 93>» 
Xa ttia oazly propapa ao»t of thoao daz^  staining 
dlsappeax* loading oWy oao or two ooattorad onos vhloh tan 
darrouadod h^ aomal oanoeytot (Hg* 100) • fb» saallt mrmH 
oalla of thlo etaise wasura ahout 6$«*91 aiozaaB* Za aoao of 
theso eolla there la aa iadioation of aitotio aotlvity (H£» 
99) ft tn mv% advanood otagoe tho daz%: otaialag naaaaa 
air appear eonnilatoly and a nay ganaralioa of oanooytaa aoeaa 
to haira boon sxaduoed v^oh are dietxlhuttad throughont th« 
1)0^ oailty* ^ ^ i r mmXtev inexQaoes onoraoaely* tboui^ tho 
ntm venaim fmelia»£!:&d» Befora th® close of tite soropaptO. i lf« 
fMs fXosti genevatloa of ooiiooytes eieeto tbo oana fate em the 
px0vioi2s ona@* Eoralir oeaooFteo &m pmmnt in the late inpet 
stage sleo bat they mm ^ft&mxi^ in foxo fvoD those eeea 
earlier asiS m^ oloeely aeeooiatod w i ^ th© troehlGil tivatiohee* 
^ 0 © otaeervstiom ta^oote a oycllo isenoratloa of the oone-
oytee* 
AROJSS ottor Bp^ t3opt©2?a tisT iaotcsajet ia tho homj^ tjoe 
Issvat Ifelooa {19&4) ^eo^ihga a irasloty of fb«OB of thora 
eollQ oafi i a oao pcrtlcalea? inotoaoo tho ooaoogrte eussaasd the 
fona of «i oajeeceat hcl^ag & fat eoH. hstsieei: the tmrm* ^hioh 
Qooordisg to the e»1^3?» is o plain eiriaeisoe in euppost of the 
view that tfeoy ©ro aaoehoid in eha«iotor# Om ieportaat point 
of difference hetiieen the honos/hee end the eewf2y law&e ie» 
thatt in the foxsier eaoe t^ey never oeoar in gzoupe 1»t only 
i ie ee^ttered eini0.y while in the lateip ease gempim ie eotoson* 
axoapin^ of oenoeytee ie aleo o>»«eiBve« in the iarvee of 
PlMMBflBtrttlMa naSm (Saethaat 1929) $ gflilHttfltajft HYBTinMmil 
<A11»i»»« t9?0} end aleo in the larva of f^f^ ffffTT £JE3EKaft (Itirray 
an« 91egE0» 1935)* 
gHxraray and nege (1935) have pzovided greater ^staile 
in reepeet of aorpholoey anfl fate of the oenoeytee in 
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t^ ftlai^ rft pyyga^* ftm^ rapoxt timt they a3!« pres^at eisijr 5 u 
aM»8i£i2a3. region of tlita toxira and ixmm* Xa tho «ciny atan^es 
of 1 ^ ietsva tlso pzioto|il.as& ie eOlQar Isat in the latdr inetaM 
praisai^ s'^ KSO tiss Q©nocyt©a ofeow ©iaaa© of <31sla*©£Si»^ t®» 
aanag i^hloli ttm elaarotaiitia ci?ai«il@s mj w l l m thone of tb» 
cytoplasm clvas^ ond fi»aaiy ^eapp^ijjr* Oce^ionai pliaisoo^rtosis 
t© Qiao o^0rv©d» ^ ^ w Gi?e two cjonamtioas of tfes ooisoeyteo * 
a iartral c&d on tm^^mil* Ttm ianral. oenoo^os imw tis^ii 
fotrnQ to t3o pracoat la imssrlQG muator© la th® lata pupal lifo 
end ooDOtineo ia t te tmam oloo tot tfeay w^^ a fa»ad to b® ta 
final ote®5o of disiatosration* 
flm time icsai];iaal oonooytto appear in the s^mpiipa and 
orlsiiaatQ from ths ©pifionaiB* fhoy as© oriallar in ole^ rjid 
oowOiEist vith tim Mm^o&T%tiDE lAvval ootioe r^tes upon tfhi<^ tliey 
%feiro a^ ^Q3?enf!lr nouxlohiQg thoiasQlvde* 
fbo o%Bonratio»8 of tbs xK a^sant vrit«r ar@ in tutistan* 
t ia l uspnmwm^ with the aittoviption sXvan alionm* Aligns (1930) 
imtrnQV r@port@a that In ff?^f?g^f»*^?ft rtmmhmmtu^ th» mumolieation 
of tha oyto^aoB ID asBoeiated with the noaltiag; oytilea ana ia 
not preiioizias^ to any disintagxmtion pxooeas aa IA tha 
A* '»*r^ y1ff^  and fiilfffittlT ffilTTOIfl' 
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Mla?Of 8*f* C195D) 
A eytolodcat ©t^ fiy of tho ohangos oeouriae in tbo 
laznrcil and pQ|«t3t |»orio6@ of dovsloinsixtt Jotir* 
Oori^ Pl35?i9io» 501 52ff*56T» 
Aiit P*A. (19TO 
PO0t ©QtJ^ i^ aiio ©ImR^o i a tlie csatarel. IIOCTOIIO ®^t0B 
ploirlSae)# fsiBUs* H» m^p @oo* XoM»t 1S4# 463^9B« 
MU ^*A* C19W 
Stmsotustj cma tsptonorplsools of itio bmin ana 8t3t)ocmo>» 
pisac^aa aan^^oQ of Hgrli^ teafilieaii iu) itmH^^T^Qvm 
Ploi?i^ao)» f3?Qi^ « a* <mt» Soc. Iond*t 12^ 1 36%412» 
BntsarSrologF of tbo |iutt«x%uxt»8tdm emtfl^ Mli^fMftf^ 
ffy^iyi^^fflt (HfOaiao) stuaiod ^f m^nma olnowatlon 
(fontlsriainidftOt Hj^ Bonoptom) § Ae^ %B@»09t8Xologio»f 
1(1) • 5M2» 
Aro3?a# 0»lf» (1959) 
Bxt«vi3Al Borpbotegy of "^9 larwet. of l^yf.«a ^^ 1,* 
(Syiog0iytftiH2r»Biu>pt«x«>t B»8» Boll* B» iwajftli tl^T» 
HoBblaiviur SSeolut 19(1) t 55«^« 
-• 117 • 
BHpftt a»5>» (1927) 
ffe0 CTtemal laaatonar of th© Xarva of toasafflBttftMttma 
%rt# id.th a tsd^ r to ttm tnstasn ana t@ %hm& of sc^^toi 
&pQoiOQ <f32Xt3bx<@dii3iaa0» H f^iaonoptom) t Aaa* onK^  soo« 
,&m»f 25i 401«4d6, 
Bird* P*^. <1955) 
? ^ effect of B0tEn>a?pl35ots on tho aatiiatesstioa of 
an tmoot v%m&0 Cemfi*. *f# Sool#» Ottiwe* 51« 3OO»305» 
Bia?i5iJ!^ :^ jam» Ii» |194S^ 
BouafiarlQS of aifforoiittatioa of eopli&llo Irmsiosa, 
Bolmrtf 0*3# ana ISemsdoff B«fl« (1978) 
^ t e g on tho biology of l!oiiRobll© (IJ^affflgl.^li) 
usiatiXlozisli} tfitobon <l|pi* Mei3Qobi3tiaa9) onS tt& 
pasBsltost BooU/deal Sntoaology 124Ct>> V1t» 
25 «!«»• 
Bon^^toln C 1^5) 
Post oKtEE a^lG a0ir9lo]7O»zzt«. Xm ^Q&&V$ K»I>» Xmseot 
PhjfBiolo^yt I^ otf 2i5;rtct PP 8St8-*865t 14 flgBi^  
Boaoavtfliit l># (1990) 
fH* po«t«isl»xarDaie 4«v«Xop»nit of ItefflTffttilMr P»ttl^%l» 
In S» BoBoroo (oS*) l^olocr of JaB21fi&tltti» ^olm WlXort 
«ia Sons* iron TSam 652 9* 
W^cms^p^t^ ©GS porac^ta of Hlobomo, a 6oi»«s£a 
oiii '^ ja v ^ of soc^cO. i^idort ^03JO£^CIOI^7 .Asm* 
188 { 1-0 • 14 t%m» 
Bsotlssrst »»^» Cl9t:^ 
Brow, ^*E. (1946) 
Studios on psorasito of th& opstioe teoQiaBgrn ^ :^y^yp 
l^iliffy*W <Cl.^ s«> •% liifo Motory of l^ ipaatoCLof 
Oeaedlm xntomlo^stt 28t 12V129* 
*Cai«lf 8.B. (19181 
Otwevtaoionofi 6oi3x« la ostz-ntttsa as Km O^mtmyHsm 
Xsvetait* Hol# tfaiir* l!aarta» 15i 1»l64* 
Cattdr« J«R« (1955) 
^ e !303f|Aioi9gy of tito tioaa of thB ftmH tmt&» 
lasva of MSSSA ^WTmHlia ^* <B|ns9Xiox>tiimt 
CbaloiaoidoaH fsoo* Bw e»t* Boo* lioiuloa <AU 
SOI 1^81 • 
C«r3.otoii| 0^ (1938) 
fha Moljogy of j^giitafttfl pyt^ M'fff *^ ^^mmoSLl sotffljr 
o& ifilloif3» 3* itimi* BOGm Itoaaon Booi* 40t §7^624* 
CftlLiraiftt ^c^* and ^aA Boa Boaeht a« (1972)* 
Bo^Tior ana Moioisy of wm^fswa tmltmiA i^m*% 
Bx&ooisl^«)i a praoito of dftotynoHno aphi^* Amu 
on*# So©. AB»f 6M4)i TT5*?t9t 4 fi®Bt 
*ChOB, C, (1076> 
**l3el)^ ^ n Ba»f ai« Bnlifiokiiiiig und i^s^Blologiooha 
Bo^snttms <3oir ^otaldrttioa Ijoldon tm^ttrnf*^ Atit. 
sonslcoxftitw aoiAii Xt 27«»58# 
» lao 
Clemoitt* 8«1>« (1972) 
Botes on tJm Mology oad laanml movpiitQLQsy ^t 
n^wmmmim mma. mxm, (gp^» suiBoniiiaei* BUI.* 
Fofiiflo Bn*. 48(4)1 a71*875» 4 fi€8» 
ftaly, B,tr» C1964) 
3fe9l9totii00til,a3r aospfaogfunasis of th@ tbos^ aie 6»S 
wlni» of tho hoa©yb0Ot M a .iSXXIilttm IByoi^ wjft^ jpa* 
A|)£dad>i tmiir* Oe i^f* Ptttte* Bitt*> 59> f»T?» 
BoQ^nei!* F* (1908) 
ii>r l!etanovpl}0js@* ®5ll. l i t ratacosoaa eaotareasisS 
•goot» G^hv« S@n^ Bd» IS¥I. 
B s^er^ Of H^  (1950) 
"Bloiogy of 3)ii»0oplilla« ^oha WiX«y & Soaat tac. 
Si9w toxic* 
IMUoBt S#3. (196^ 
Morpiioiocr and Bioiofiy of Athtt-^ ^^ it «^^f<"^ Kim* 
(fanthro^sidaot H^ nMOoptem) • Mis* Htsl* VslVm 
BatJl, (2ool» S»r*) lad* Xne* f^« pp» 156* 
I3Q^ Qrto> B,E# (1940 
Otmormtlom on th« norpholosy of the fkio« in iasoetot 
»on>» A»«r*t 79(3). 
Eftstbam# li*B«S« ($929) 
iritffefiy^ mat CFsoc^tx^n^idoa)* a psosito &t tUQ 
larva of gltgnm^lfiMi Asm i^&mmSMf^ t with ladtee 
on th9 aimtoaty of t)i@ lazvat Fareisitoloesr* 2tt 1*2t« 
Bdwarfist ^»s» ($969) 
fO0t*.Qnta?yonii3 ^volopaan* and ifocjoneratioa of tba 
ij3s©ot mrwuo sy»t0Bt A^* lasOQft :^iJs^ot«t *^ 
Bseat I.S,S» Ct955> 
fitu a@iV9lopo9ixt 0f ioasiasaS. 1xi(!b in tba hoaS of 
l3.fl3Sla teMBlOas, tstxm* {z^fj^^ptQml^ from* S. 
aisl, §oo« ZiOiia,f 104t ?9^ 9Q» 
farooqi, l ! A <1963) 
fb& eotiqc^Xoasr of the eaistard savfly ^^ftf||ft ^ft^4..|n| 
King* (TozittortdiiiiaBOi Byaeooiptextt) t AUir* laisl* 
tnsiTft Bilfll* (^o l» Sor*") Xiid« Xi38« Vyi^ tf Vlt 6& EP« 
fmmikeilt &* end BJb&i^ lcdaniAt &• C1973) 
TttporiAtion ana pnpatioa in c^tarssim^fma flios 
O^iptomM fomlQolosy sad Intorpretationt Ami» 
eat* soe» An** 669 41&-4e2« 
\ 
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A eoatirilnisloti to mw iamil^^m oX thm funtitioii of 
*Qimti&rf ^» (1970) 
Stanilcttisr una Botyiefeliitig ass Xatsisaiasxtts and 6«r 
fomohf 1101 401*44?» 
*&»at»i»t Tt 11890) 
9be «iltxe»t3»»)tax@ of <3@iro3.epdliig vings In th^ gimxt 
flilksothf SjAloj^ hoxm ^eropia It l i t ^* Bi&i1?b*t 1?^ t 
V82t 136| 85-58. 
ax««8eil» H«A»R« 0929) 
SoVLTm MMT» Sel . i 73t 945«*564« 
Ososehf B»S* (1949> 
fhft x«Xatlon of the midgut to gsowth aM dofolosifiiait 
of BfttsKoteftoozif vith a pertiziozxt noto on opotosoan 
i»foct£o2»ff »^ Bl&oba MitolMiU 3oi* Soo»t Cliapfd BiU 
PP» tf1-.<9 
•» "183 *» 
Snpta» B«li« and Bevxi^ gOt M»l.« Ct9^6}* 
Fino etrtsetuzQl oxsonieatlon of tlia reetuia in tbo 
i>iovfly,CaIIi|»liom gyytajTOcwpliBltt <l!oi# if%^h mpoeiskt 
votQ'smm^ to ooiinootiYO tiosoof tzmobvao and ziiouxo* 
0OQapetai*sr immrvsLtion %n the ^^otai papHioat «r« 
^or^*f t20> 2>ii82* 
©ymer* A* aaa Sdtfasrdi ^.S* 11967) 
fhQ <3svoiop@dat of tba aor^us si^ttm £» an amlsnsis 
of the post em^^mo £!xo¥tto in th@ tomaimi gaiEiglioxi 
eg ASteSft tilQffiiatlga (Hoage Cil^et) , 123t 14M98* 
Sasesaitt l»* (1910) 
fija atvuetuTo and aotcasoarpbost® of the aa.ici3ntay;f 
mmx of tb0 lai?va of iMBlffl^ al^ tg«a1rft» Ana* oat» 
Soo# ite*t ?» 2T7-3(^» 
Honeon, B* Cl98^ 
On tt)» dsvQ i^opE^ ist of the aldgat In tlis iarval stagos 
ef fniUftffgjii ay^i-fi^ (i^opidoftozm) t Qttart* ^(Hir* Mlmr* 
Sol#i 73J 89-105* 
(1931) 
fho fltvootuz^ aM pest^ ftalararonie diivelox»ent of eXtm 
eientary oanai of fiftiifiwia urtflflli (l»fi^ i<loptom) I* 
nao larval allmontax^r oanalt Qoarl* Sonv* MAT* 
so l . , nt 52V360» 
The anr^Xopiont of ttm alismntsnty^ eamX tn 2X$SBUL 
tutui^s in inseots* Qmrt* imv» M«m* Sisi*> 13t 
«83-?05f 
Biomont H» (1945) 
%^e tlimoreti^a aspsot of inseet isottusox'iplioslSi 
Biol# a«r»t 21» V14» 
*HerttEt 13* ( t 9 ^ 
**fh& noBsaa ond i^ thoioisi<ia3. lilstologsr of tha 
<79ixt3dou3Aio of ^im h&m^fbm id^ifh spooioS, mf&VQ^m^ 
to infootioa nith &aaiBi m^*t ^oaxfi* ;>a£osit*** 
ITol* 9« Ifo» % 
Koywoeat B#B» Ct965) 
Cban^s oGoorlng In tho oozitiidL tmvtm& Qs^mk of 
J« Zni«ot Pb^nsiiol*! 8» 415»50» 
Bizxtont B,B* (194^ 
A new oXesslfioation of Imoot iia]?Qd» Pxoo* Zoo3.« 
Soo« tana*$ 116s aB8»326« 
_C1948) 
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